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PREFACE. 



Hydrostatics treats of the physical 
properties of water at rest, as distinct 
from Hydraulics, which is the science 
of water in motion. 

Of these properties the most important 
to the engineer is the character and 
amount of pressure exerted by quiet 
water against surfaces and bodies in con- 
tact with it, and the direction and point 
of application of such pressure. 

These phenomena are governed by a 
few very simple general laws which suf- 
fice to solve all the problems presenting 
themselves in engineering practice. The 
most frequently occurring special cases 
are reducible to formulas of ready appli- 
cation, and when such formulas have been 
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PRACTICAL HYDROSTATIC FORMULAS. 



GENERAL PRINCIPLES. 

1. Matter may exist under two forms: 
Solid and Fluid. Fluids are again sub- 
divided into non-elastic fluids, or liquids, 
and elastic fluids, or gases. So we may 
say more specifically, that matter is di- 
vided into three classes; namely, solids, 
liquids, and gases. 

Solids retain their shape by virtue of 
a property called cohesion, which binds 
their molecules together as by a cement. 
Liquids being practically destitute of co- 
hesion must be confined in a vessel, of 
which they assume the shape, to prevent 
them from flowing away in downward 
and lateral directions. The containing 
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vessel may be open ai the top, as liquids 
have no tendency to flow upwards. Gases 
must be confined in closed vessels, for 
not only is there no cohesion between 
their molecules, but on the contrary a 
force of repulsion, tending to separate 
them, indefinitely, in all directions, up- 
wards as well as downwards and laterally. 
In virtue of this property they tend to 
fill all spaces within which they may be 
confined, however large. A certain vol- 
ume of gas may be reduced to a smaller 
one by pressure, expanding again in vir- 
tue of its elasticity, when relieved of ^the 
pressure. 

Solids and gases, therefore, possess 
respectively the positive and negative 
properties of matter, namely, cohesion 
and repulsion. Liquids occupy a neu- 
tral position between the two, their mole- 
cules neither cohering to, nor being re- 
j)elled from each other. 



PHYSICAL PROPERTIES OP WATER.' 

2. Water, the liquid with which hy- 
drostatics and hydrodynamics have to do» 
may be defined for static and dynamic 
purposes, as a non-elastic, incompressi- 
ble fluid, weighing under ordinary con- 
ditions about 62.50 lbs. per cubic foot. 
Strictly speaking, water is not absolutely 
incompressible, nor is it a perfect fluid, 
for it possesses an appreciable degree of 
cohesion, taking the form of viscosity. 
But for the practical purposes of hydro- 
statics, it may be considered to be as 
above defined. In hydraulics, the prop- 
erty of viscosity must be taken into con- 
sideration, to account for certain other- 
wise inexplicable phenomena in the flow 
of water through conduits. 

Water is one of several substances 
found in nature, which is capable of 
assuming all of the three possible forms, 
being solid, as ice; liquid, as water; and 
gaseous, as steam. 

Water contracts as its temperature is 
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lowered down to 39° Fahrenheit, at which 
temperature it acquires its maximum- 
density. If the temperature is still fur- 
ther lowered, it begins to expand, until 
it is transformed into ice. A cubic foot ' 
of ice weighs only about 58 lbs. as 
€igainst 62.50 lbs., the weight of a cubic 
foot of water. Its weight is therefore 
only about 96^ of an equal volume of 
water. Ice therefore floats in water. 

Let a cubic foot of water be frozen to 
ice in the shape of a solid cube, and let 
it be placed in a vessel into which it 
exactly fits. Then, neglecting friction 
on the sides, it will press against the bot- 
tom of the vessel with its full weight of 

62.50 lbs., or of ^J^= 0.434 lbs. per 

sq. in. It will exercise no pressure what- 
ever on the sides of the vessel. Now 
let the ice be melted into water again. 
The water will still press upon the bot- 
tom with a force of 0.434 lbs. per sq. in., 
but it will also press against the sides, 
the amount of pressure diminishing pro- 
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gressively from the bottom, where it i& 
liuximum, to the surface of the water 
w le -e it is nul. Nowhere, however, 
will it exceed 0.434 lbs. per sq. in. Now 
suppose the vessel to be closed, and the 
cubic foot of water converted, by the 
application of heat, into a cubic foot of 
steam, at the temperature of 386° Fahren- 
heit. It will then exercise a pressure of 
about 195 lbs. above the atmosphere per 
sq. in. against the bottom, sides and top- 
of the vessel. 

TRANSMISSION OF WATER PRESSURE. 

3. Pascal's Law. — One of the most 
important physical properties of water, 
when confined in a closed vessel, is its 
power to transmit any exterior pressure 
exercised upon it, equally in all direc- 
tions. This property, which it shares 
with the gases, is due to its fluidity. 

Fig. 1 represents in vertical section 
and in plan, an apparatus composed of 
an irregularly shaped vessel surmounted 
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by a cylinder. In this cylinder a piston, 
P, is fitted, carrying a weight, W. The 





Fig. 1. 



vessel is supposed to be full of water, 
upon the surface of which the piston 
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acts. Suppose the weight, including 
that of piston and rod, to be 100 lbs. 
This pressure is transmitted by the water 
to all parts of the vessel, and if perfora- 
tions were made in it, as shown in the 
figure, water would spout out from all 
of them, the jet being at right angles 
to the side of the vessel through which 
it was issuing. The jets at the top 
would be directed vertically upward, the 
one at the bottom, vertically downward, 
the one at the vertical side would be 
horizontal, and the one in the sloping 
side would be directed obliquely upward 
at right angles to the sloping side. These 
directions refer to the jets as they first 
issue from the vessel ; gravitation would 
soon overcome all other influence, and 
the water would fall vertically down- 
ward. 

If the area of the piston were 5 square 
inches, it would sustain a pressure of 

100 

-^ = 20 lbs. per sq. in. ; and this pres- 
sure would be transmitted to every square 
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inch of surface of the vessel, and if the 
area of each of the perforations were 
1 sq. in. and tubes of the same area con- 
taining water-tight pistons were fitted to 
them, it would be necessary to apply a 
force of 20 lbs. to each piston acting in 
a direction contrary to that of the water 
pressure to keep them in place. 

This fact will be more readily appre- 
ciated if we suppose the cylinder to be 
prolonged indefinitely, as in Fig. 2, and 
the piston and weight replaced by a 
column of water of such height that its 
weight would be 100 lbs. If now the 
small perforations were fitted with verti- 
ciil tubes, as shown in the figure, water 
would rise to an equal height in all of 
them, and there would be a pressure of 
20 lbs. per sq. in. upon each and every 
one. The figure is not drawn to scale, 
b '^ the lower receptacle is supposed to 
bo of such small size relatively that the 
weight of the water within it may be 
' ('u:]ected in estimating the pressure per 
'] are inch upon its sides. 
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Fig. 2. 
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As a further illustration, let there be 
a vessel, of any shape, shown in vertical 
section by Fig. 3, and let there be any 
number of openings in the sides of any 




Fig. 8. 

shape and area. Let these openings be 
fitted with tubes, turned vertically up- 
ward and provided with stop-cocks, 
c, c\ c'\ Let these stop-cocks be open. 
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and let the whole apparatus be filled with 
water up to a certain level. Experience 
teaches us that, as in the previous figure, 
the water would stand at the same level 
in the vessel and in all of the tubes, and 
be in perfect equilibrium throughout. 

Let the stop-cocks now be closed. 
The equilibrium would not be disturbed 
In any way, and the outward pressure 
upon the stop-cocks from the water 
within the vessel would be exactly equal 
to the inward pressure upon them, from 
the water in the tubes, so that if the 
etop-cocks were replaced by pistons free 
to move in either direction, they would 
remain stationary, the two opposite pres- 
sures exactly balancing each other. 

If now, the stop-cocks being closed, 
the vessel were emptied of water while 
the tubes remained full, it is clear that 
the pressure upon each of them (the 
atop-cocks) would be equal to its area in 
iquare feet multiplied by the height of 
the column of water in the correspond- 
ing tube, multiplied by 62.50 lbs. This 
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therefore would be also the pressure ex- 
ercised upon the other face of the stop- 
cock from the water in the reservoir, 

GENERAL LAW OF HYDROSTATIC 
PRESSURE. 

4. Upon the above facts is founded 
the fundamental law regarding the action 
of quiet water against submerged sur- 
faces ; a law which is sustained by the- 
ory, confirmed by direct experiment, and 
is expressed as follows : 

The total pressure in pounds on any 
plane submerged surface^ of whatever 
shape^ and whether vertical^ horizontal 
or inclined^ is equal to its area in 
square feet multiplied by the vertical 
distance of its centre of gravity in feet 
below the surface of the water^ and by 
62.50. The direction of this pressure 
is at right angles to the plane of the 
surface pressed. 

A few simple illustrations of this law 
will now be given. 
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Fig. 4 represents the vertical side of 
a vessel containing water, filled to the 
top. What is the pressure upon the 
rectangular surface, b A, of which the 




Fig. 4. 



top and bottom are parallel with the sur- 
face of the water, the top being at the 
depth d below the surface ? 

The area of the rectangle is b h, and 
the centre of gravity is in the centre of 
the rectangle ; its distance below the 
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surface of the water is therefore a + -^. 

The total pressure, P, on the rectangle 
by the above law is, therefore: 

P =: b hi d + ^\ 62.50 

P = bh {2 d + h) 31.25. . . (1) 

Example. — Let A = 10 f t. ; J = 5 ft. ; 
d = 20 ft. Find the value of P. 

Solution. — 

P = 50 X 50 X 31.25 = 78,125 lbs. 

Ans. 

Since the surface, b A, is vertical, the 
direction of this pressure is horizontal. 

The area, bh, in the above example, 
may be supposed to be that of a rectan- 
gular opening in the vertical side of a 
reservoir containing water. The pres- 
sure, P, would then be that upon a 
sluice-gate covering such orifice. 

The formula (1) gives the total pres- 
sure upon the whole area, bh, which. 
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being 50 sq. ft. , would give an average 

78125 
pressure of = 1562.50 lbs. per 

sq. ft. It is evident, however, that there 
would be a considerable difference be- 
tween the pressure at the top and at the 
bottom of the area, and it might be 
desirable, in a practical case, to know 
what was the least and greatest pressure 
per square foot upon the surface. 

Example. — In the previous example, 
what is the pressure per square foot at 
the top and what at the bottom upon 
the given area ? 

Solution, — To solve this problem, we 
consider a surface of 1 sq. ft. at the top 
and at the bottom of the given rectangle. 
At the top, we have J = 1, /* = 1, J = 
20. 00, Then, using formula (1), we 
have, at the top : 

P = (40 + 1) 31.25 = 1281.25 lbs. 
per sq. ft. Arts. 

At the bottom, we have S = 1, A = 1, 
rf=20 + 9 = 29. Then: 
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P= 59 X 31.25 = 1843.75 lbs. per 
sq. ft. Ans. 

Proof. — ^In the first of the above ex- 
amples we found the average pressure per 
square foot to be 1562.50 lbs. In the 
last, we found the minimum pressure 
to be 1281.25 lbs. and the maximum, 
1843.75 lbs. Then, since the pressure 
increases directly and simply with the 
depth of submersion : 

1281.25 + 1843.75 _^^ ^^ ,, 
-: = 1562.50 lbs. 

This proves the correctness of the 
whole series of examples. 

If the top of the rectangle, J A, in 
Fig. 4, should reach to the surface of the 
water in the vessel, as would occur in the 
case of a sluice-gate closing an open 
notch in the side of a reservoir, then 
d = 0, and formula (1) reduces to: 

B = 31.26 bh' (2) 

This case is the one by far the most 
generally occurring in practice: 
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Suppose the submerged surface were 
in the form of a triangle, Fig. 5, with 
the base downward and parallel to the 




Pig. 5. 



snrface of the water. Then the area of 
the triangle is -jp, and the distance of 

the centre of gravity below the surface 

2 7* 
of the water is d + -^. Then in ao- 

o 

cordance with the General Law, 
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P = bh{dd-\-2h)10A2. . . (3) 

If c? = 0, then 

P = 20.84 J A' (3 bis.) 

Example.— Let ^'=10, S=5, c?=20, 
the same as in previous examples. Find 
the value of P. 

Solution, — 
P = 50 X 80 X 10.42 = 41680 lbs. Ans. 

If the triangle were turned base up- 
ward, Fig. 6, parallel with surface of 
water, then:. 

P = bh{3d + h)10A2 ... (4) 
ltd = 0, then 

P = 10.42 J A' (4 bis.) 

Example. — ^Beverse the triangle in 
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previous example, as in Fig. 6, and 
find P. 

Solution, — 
P = 50 X 70 X 10.42 = 36470 lbs. Ans. 




Fig. 6. 

Observe that although the area of the 
triangle is exactly one-half of the rectan- 
gle in the first example, when the base 
is down, the pressure is more than one- 
half, and when up, less than one-half, 
that upon the rectangle. The sum of 
the pressures on the two triangles, how- 
ever, is equal to the pressure on the 



26 



rectangle. It is easily seen that this 
result is due to the difference of depth 
of centre of gravity of the figures helow 
the surface of the water. 

If the figure of the submerged surface 
is irregular, or irregularly placed, as 
would be the case of a triangle of which 
the base was not parallel to the surface 
of the water, a general formula, would 
become very complicated, and the area 
of the figure and its centre of gravity 
must in each case be found, either graph- 
ically or by calculation, and the General 
Law, page 18, applied. Indeed, the for- 
mulas (1) to (4) are only given as being 
convenient in the special cases to which 
they apply, but the General Law is the 
one thing to be faithfully remembered, 
as it is of universal application, while 
the formulas may be forgotten with no 
great losa. 
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INCLINED SURFACES. 

6. If the surface be inclined, as in 
Fig. 7, the General Law holds, Lut the 
direction of the pressure, which is always 
normal (or at right angles) to the sur- 
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Pio. 7. 

face, is no longer horizontal, as in the 
case of a vertical surface, but is inclined, 
making the same angle with the hori- 
zontal that the surface does with the 
vertical. 

Fig. 7 is practically the same as Fig. 4, 
except that the surface sustaining pres- 
sure is inclined at an angle, a^ to the 



28 



h 

vertical. The distance, tZ + -77-, from 

At 

the surface of the water to the centre of 
gravity of the submerged rectangle, J A, 
measured along the slope, must be mul- 
tiplied by COS. a to reduce it to the ver- 
tical distance required by the General 
Law. Formula (1) becomes therefore: 

P = JA (2.C? + h) 31.25 cos. a. . (5) 

Example. — Eeferriug to Fig. 7, let 
A =10 ft., h^bii., eZ=20ft., a = 
36°. Find the value of P. 

Solution. — 

P = 78125 X 0.809 = 63203 lbs. Ans. 

The inclination of the direction of 
pressure to the horizontal is 36°. 

This pressure may be resolved into 
two components, one an outward hori- 
zontal thrust T, and the other a vertical 
downward pressure, V, See Fig. 8. 
These components may be obtained 
graphically or by calculation, thus: 
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T= PcoB. a. 
V=Pein. a. 



(6) 
(7) 




From formula (5), we have therefore: 

T = bh {2 d+h) 31.25 COB,' a. . . (8) 

V=bh{2d-^h)3l.25coB.asm.a. (0) 

Example. — Suppose, in Fig. 7, the 
top of the rectangle bh reaches to the 
surface of the water, so that d= 0. Let 
J = 5, A = 30, or = 30°. Find Tand V. 
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Solution. — Here 2d disappears from 
above formulas^ and we have : 

T=bh' 31.25 COS.' a 

V= bJi' 31.25 COS. a sin. a. 

Inserting data: 

T=6 X 900 X 31.25 x 0.75=105468 lbs. 

Ana. 
F= 5 X 900 X 31.25 X 0.433 = 60891 lbs. 

Ans. 

In the above example^ A, measured 
along the slope being 30 ft. and the 
angle with the vertical being 30°, the 
depth of water, measured vertically, 
with the 25.98 ft., or say 26 ft. Let ua 
then take the following example: 

Example. — Referring to Fig. 4, let 
J=5ft., A=26ft., and d=0. Find P. 

Solution. — Inserting data in formula 
(2), we have: 

P = 31.25 X 5 X 676 = 105625 lbs. Ans. 

It will be observed that this is prac- 
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tically the same as the yalne of T in the 
previous example, the slight difference 
being due to the neglect of small deci- 
mals. 

HORIZONTAL THRUST AND VERTICAL 
DOWNWARD PRESSURE. 

6. This example proves the very im- 
portant fact, that the horizontal thrust 
ayainst a plane surface^ retaining a given 
depth of water, is the same whether the 
surface he vertical or inclined. 

The vertical downward pressure upon 
an inclined surface is always that due to 
the prism of water resting upon it. That 
is, referring to Fig. 8, it is the triangu- 
lar prism, A^B, (7, resting on the sloping 
surface -4, C. In the example, AB =i 
26 ft. and BC=16 ft. Then the 
weight of the prism is 

26 X 15 X 62.50 x 5 ^^^^^ ,, 

= 60937 lbs., 

Z 

practically the same as obtained by the 
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use of formula (9), the difference being 
due to neglected decimals. 

If the side of the vessel or reservoir 
were inclined in the opposite direction, as 
shown in section by Fig. 9, the values of 
P, and of T and F, would be exactly the 




Fig. 9. 

.same as if the inclination were as shown 
in Figs. 7 and 8, only the direction of P 
B-nd F, would be upward instead of down- 
ward. T would have the same horizontal 
direction. The law already enunciated, 
that the horizontal thrust against any 
plane surface is the same whether the 
surface be vertical or inclined, applies 
in ivhicliever direction the inclination 
iahes place. 
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In consequence of the General La\r 
that the pressure against any plane sur- 
face is equal to the 
area of the surface 
multiplied by the 
depth of water over 
its centre of gravity, 
the pressure upon 
the horizontal flat 
bottom of a vessel 
containing water is 
equal to the area of 
the bottom multi- 
plied by the depth 
of water in the ves- 
sel, the direction 
of pressure being, 
of course, vertically 
downward. 

Example. — Fig. 
10 is a vertical sec- 
tion through the axis 
of a cylindrical ves- 
sel filled with water. 
The diameter, Z>, of Fig. 10. 
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the base is 4 feet, and the depth of water 
= A = 12 feet. What is the total pres- 
sure, and what the pressure per square 
inch on the bottom ? 

Solution, — The area of the bottom 
being 12.57 sq. ft. and the height of the 
cylindrical prism of water above the cen- 
tre of gravity of the bottom being 12 ft, 
the total pressure, by the General Law, is 
12.57 X 12 X 62.50 = 9427.50 lbs. Ans. 

The area of the bottom being 1809.55 
sq. in., the pressure per square inch is: 

9427.50 ^ ^, „ . . 

^^g^^^^= 5.21 lbs. per sq.m. Ans, 

Example. — ^In the above example, the 
height, h, of the cylindrical vessel may 
be supposed to be divided into a series 
of 12 belts, each one foot high. What 
is the lateral pressure upon the lowest 
belt, and what upon the highest, and 
what is the direction of the line of pres- 
sure in both cases ? 
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Solution. — The diameter of the cylin* 
der being 4 ft., the circumference of the 
circle is 12.57 feet. The area of the 
belt, 1 ft. high, is, therefore, 12.57 sq. ft. 
The height of the water-column pressing 
upon the lowest above its centre of grav- 
ity is 11.50 ft. Therefore the total lat- 
eral pressure on the belt is : 

12.57 X 11.50 X 62.50=9034.69 lbs. Ans^ 

The area of the top belt is the same as 
the bottom belt, and the water pressure 
above its centre of gravity is 0.50 ft. 
The lateral pressure upon the entire 
upper belt is therefore 392.81 lbs. Ans. 

The direction of the pressure in both 
cases is horizontal, and radially out- 
wards from the centre of the cylinder. 

Example. — Fig. 11 shows a vertical 
section through the axis of a vessel in 
the shape of an inverted truncated cono 
filled with water. The area of the smaller 
circle forming the bottom is 1 sq. ft., 
that of the top, 10 sq. ft. Depth of 
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Pw. 11, 
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water, 15 ft. What is the pressure upon 
the bottom ? 

Solution. — 
1 X 15 X 62.5 = 937.5 lbs. Ans, 

Example. — In above example, what 
is the total downward pressure on the 
sides of the vessel ? 

Solution. — If the vessel, filled with 
water, were suspended by a spring bal- 
ance, or placed upon a platform scales, 
the entire downward pressure of the 
water would be shown to be the weight 
of the whole, less the weight of the ves- 
sel ; that is to say, would be the actual 
weight of the body of water contained in 
the vessel. In this case, the whole weight 
of the contained water is, by a well- 
known formula : 

(1 -f 10 + |/10) y X 62.5 = 4425 lbs. 

The pressure on the bottom we have 
just seen to be 937.5 lbs. ; therefore the 
pressure on the sides is: 

4425 - 937.5 = 3487.5 lbs. ^n^. 
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Note. — The total pressure normal to the 
slant surface of the truncated cone can be ob- 
tained by multiplying the total downward pres- 
sure, as above, by the cosecant of the angle 
which the slant height makes with the vertical. 

Example. — What is the total pressure 
on the slant surface in the above ex- 
ample ? 

Solution. — The area of the circle form- 
ing the large end being 10 sq. ft., ihe 
radius of the circle is 1.782 ft., and the 
area of the circle forming the small end 
being 1 sq. ft., its radius is 0.564 ft. 
The difference between the two, divided 
by the height, gives the tangent of the 
desired angle, thus : 

1.782-0.564 
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= 0:081 = tang. 4° 39\ 



The cosecant of 4° 39' = 12.34, there- 
fore the total pressure on the sides of the 
vessel is 

3487.5 X 12.34 = 43036 lbs. Ans. 

The direction of this pressure is radi- 
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ally outward and normal to the slant 
sides of the vessel. 

Example. — Fig. 12 shows same figure 
as above, only reversed, with the large 
area down. Dimensions being the same, 
what is the pressure on the bottom ? 

Solution, — 
10 X 15 X 62.5 = 9375 lbs. Ans. 

Example. — ^What is the total upward 
pressure against the sides of the above 



Solution, — The total doionward pres- 
sure of the water due to its weight would 
be shown on a platform scale te be, as 
before, 4425 lbs. But the pressure on 
the bottom, tending to burst it out, we 
have just seen to be 9375 lbs. Conse- 
quently the upward pressure neutralizing 
a portion of this pressure on the bottom 
must be : 

9375 - 4425 = 4950 lbs. Ans. 
The total pressure on the sides, normal 



40 




Fio. 12. 
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to their direction, is found as above, by 
multiplication by the cosecant of the 
angle of slant. Thus : 

4950 X 12.34 = 61083 lbs. 

It might seem as if this value should 
be the same as that just found for the 
inverted vessel, only directed upward in- 
stead of downward. The reason for its 
being greater is that the centre of gravity 
of the slant surface sustaining pressure 
is lower in this case than in the former, 
and the General Law applies, which tells 
us that the total pressure upon any plane 
surface is equal to the area of that sur- 
face multiplied by the distance of its 
centre of gravity below the surface of 
the water pressing against it. In the 
case of a cone, or a truncated cone, the 
slant surface may be developed into a 
plane, which brings it within the scope 
of the General Law. 
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HYDROSTATIC PARADOX. 

7. The existence of this upward pres- 
sure explains the otherwise puzzling fact 
that the pressure on the bottom of a ves- 
sel like that shown in Fig. 12, is greater 
than the whole weight of the water which 
it contains. The pressure of confined 
gases upon the vessels containing them, 
affords an easily recognised parallel. For 
instance, if the water contained in the 
vessel shown in Fig. 12, which would 
weigh, as we have seen, 4425 lbs., were 
replaced by an equal volume of steam at 
the temperature of 386° Fahr., it would 
exercise a pressure of 195 lbs. above the 
atmosphere on every square inch of sur- 
face. As the bottom in Fig. 12 contains 
1440 sq. in., the total downward pres- 
sure would be 280800 lbs., or nearly 900 
times as much as the weight of the stoam 
in the vessel, which is only that of the 
water from which the steam is formed. 

It will be well to pursue this subject a 
little further, by means of another ex- 
ample. 
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Example. — Let Fig. 13 represent a 
vertical section through a vessel contain- 
ing water, composed of two cylinders, 
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one, C, of diameter =D, and the other, c, 
of diameter = d, superposed upon the 
larger one. Let d = 1 tty Z> = 10 ft., 
iT = 1 2 f t. , A = 1 1 f t. What is the pres- 



44 



Bure upon the bottom of the lower cylin- 
der, a? 

Solution. — 
78.54 X 12 X 62.50 = 58905.00 lbs. Arts. 

Example. — ^In the above example, 
what is total weight of water contained 
in the whole vessel ? 

Solution, — 
.(78.54 + 0.785 x 11) 62.50=5448.44 lbs. 

Ans. 

Example. — ^In the above example, 
"what is the upward pressure upon the 
top of the lower cylinder ? 

Solution, — 
(78.54-0.785) 1 1 x 62.50=53456.56 lbs. 

Am. 

Pkoof. — The total downward pressure 
oti the bottom of the large cylinder, less 
the upward pressure on the annular top, 
should be equal to the totiil weight of 
water in the apparatus. Thus : 

58905.00 - 53456.56 = 5448.44 lbs. . 



45 



This result proves all the work to be 
correct. 

Suppose now that the diameter of the 
upper cylinder, c^ be greatly decreased; 
for instance, let eZ == 0.10 ft. The pres- 
sure upon the bottom of the cylinder, (7, 
would remain precisely the same, the 
total weight of water contained in the 
apparatus would be diminished, and the 
upward pressure against the annular top 
of cylinder C proportionately increased. 
The pressure upon the bottom of the 
large cylinder is therefore the same^ 
whether the full diameter, i), be carried 
to the full height, h, as shown by the 
dotted lines in the figure, or whether 
the diameter, d, of the upper cylinder 
be greatly reduced as in the example, 
provided d be not so small as to intro- 
duce the effect of capillarity. 

It is hard for the mind unfamiliar 
with these subjects to realize that such 
heavy pressures can be exercised by such 
relatively small volumes of water, and it 
is probable that the fact would not gen- 
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orally commend itself to the understand- 
ing, were it not fully confirmed by actual 
experiment. 

Let us see how the facts, arrived at 
by calculation, may be proved experi- 
mentally. 

Let C, Fig. 14, represent a cylindrical 
vessel of diameter, D^ in which a piston, 
-P, -P, of the same diameter is fitted. 
Let the piston rod, ^, be a tube of inside 
diameter, d^ and of indefinite length, h. 
This apparatus is practically the same as 
that shown in Fig. 13, except that some 
of its parts are movable. 

If water were now poured in by the 
tube, /, an upward pressure would be 
exercised upon the bottom of the piston, 
P^ P^ which would rise, unless kept 
down by the weights IF, ^Y. To avoid 
unnecessary calculation, suppose the area 
of the piston to be 10 sq. ft. and the 
inside area of the hollow piston rod, t^ 
to be 0.10 sq. ft. Let the weights, IF, IF, 
be 1000 lbs. each, making a total weight 
of 2000 lbs., or rather, let the weight be 
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such that the combiiaed weights of TT, TF,, 
and the piston and rod reach 2000 lbs.. 





Fia. U. 



How high a column of water must stand 
in the tube, ^, to keep the apparatus in. 
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equilibrium, so that the piston neither 
rises under the water pressure, nor falls 
under that of the weights, the friction 
of the piston being neglected ? 

There must be an. upward pressure 
under the piston equal to 2000 lbs. Let 
X = the height of water in the tube to 
produce this pressure. Then 

10 a; X 62.5 =2000 
X - 3.20 ft. 

Therefore a column of water in the 
small tube, weighing only .3. 20 x 0.10 x 
62.50 = 20 lbs., has sufficed to counter- 
balance a weight of 2000 lbs., the weights 
being in direct proportion to the areas 
of the two cylinders. 

Now suppose water sufficient to fill 
the small tube to a double height, or 
6.40 ft., were poured in. The upward 
pressure would be doubled and the piston 
and the weights would be raised, and the 
level of the water in the tube would be 
lowered, until it stood again at the height. 
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3.20 ft., necessary to produce equilib- 
rium. How high would the piston have 
risen when equilibrium was restored ? 

The area of the tube, /, being 0.10 
sq. ft., the volume of water introduced 
into the apparatus is 0.10 x 3.20 = 0.32 
cu. ft. This must enter into the large 
cylinder, (7, of which the area is 10 sq. ft. 
The rise, x, must then be : 

X = ^ = 0.032 ft. 

The weight of the water introduced 
into the tube is 0.32 x 62.5 = 20 lbs., as 
we have already seen. It descended 
3.20 ft., so that its ''work" was 20 x 
3.20 = 64 foot-pounds. On the other 
hand, the weight of 2000 lbs. has been 
moved through 0.032 ft. Its work, 
therefore, was 2000 x 0.032 = 64 foot- 
pounds, or just equal to the work of the 
water introduced into the tube, in pro- 
ducing equilibrium. 

This phenomenon of a small volume 
of water raising, or balancing a much 
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greater weight than its own, which has 
sometimes been called ''the hydrostatic 
paradox/^ is thus shown to be justified 
by dynamic principles, and has been 
moreover demonstrated, time and again, 
both by laboratory experiments and 
pieces of machinery in actual use. 

HYDRAULIC PRESS. 

8. Of these latter, the Hydraulic Press 
is the most striking example. The prin- 
ciple of this machine will be understood 
by reference to Fig. 15, which represents 
an apparatus consisting of two cylinders 
fitted with plungers, one large, J, and 
one small, a, and connected together by 
the mass of water contained in the body 
of the apparatus. If a weight, or a force 
represented by a weight, be applied to 
the small plunger, a, it is moved down- 
ward, forcing water from the small cylin- 
der into the large one, and thereby rais- 
ing the large plunger, i. Suppose the 
sectional area of the small plunger to be 
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Fig. 15. 
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1 sq. in., and a force of 100 lbs. be ap- 
plied to it. Then a pressure of 100 lbs. 
per sq. in. is exerted in every direction 
through the mass of water, and if the 
sectional area of the large plunger be 
100 sq. in., it sustains an upward pres- 
sure of 100 X 100 = 10000 lbs., and 
would raise, or balance that weight if 
placed upon it. It is clear that the 
greater the difference in area of the two 
plungers, the greater will be the pressure 
exerted upon the larger by a force ap- 
plied to the smaller. Suppose the area 
of the large plunger to be 1000 sq. in., 
the area of the small one being still 
1 sq. in. Then a force of 100 lbs. on 
the small plunger balances one of 100000 
lbs. on the larger one. This is in full 
accordance with Descartes's law of virtual 
velocities, that what is gained in power 
is lost in speed, for the smaller the 
actuating plunger, «, the greater the 
distance it must travel to raise the larger 
one a given distance, and tlie force applied 
to one, multiplied by the distance it 
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travels, will always be equal to the weight 
upon the other, multiplied by the dis- 
tance which it trayels. 

Example. — In Fig. 15, let the sec- 
tional area of the smaller plunger be 
1 sq. in. and that of the larger be 100 
8q. in. If the small plunger be forced 
down 1 ft., how much will the large 
one be raised ? 

Solution. — The small plunger will dis- 
place 12 cu. in. of water, which will be 
forced into the larger cylinder, the 
plunger of which will rise to make room 
for it. The area of the latter being 100 

12 
sq. in., it will rise — — = 0.12 in. Ans, 

Example. — ^If the area of the larger 
plunger be 1000 sq. in., how far will it 
be raised, the other conditions being as 
in preceding example ? 

12 
Solution.— -7— r = 0.012. Ans. 

In the practical application of this 
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principle to the hydraulic press when 
used for the compression of bales of 
goods, the motion being veiy slow, and 
the resistance at the commencement of 
the compression very slight, there should 
be two pumps attached to the press, one 
of larger diameter, to bring the pressure 
to bear rapidly, and a smaller one, as 
above, for the final and more intense 
pressure required. 

SPECIAL CASES OF HYDROSTATIC 
PRESSURE. 

9. The above examples cover all — and 
probably more than all — the cases likely 
to occur in practice regarding the pres- 
sure of water against surfaces. Should 
others present themselves either as prac- 
tical questions, or as matters of curiosity, 
they may all be solved by the application 
of the General Law, given on page 18. 
This law, it will be observed, is confined 
by its enunciation to plane surfaces, but 
as curved surfaces may be considered as 
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made up of an infinite number of planes, 
the law may be extended to embrace 
curved surfaces as well. 

Thus, if it were required to find the 
total pressure upon a vessel in the shape 
of a hollow half sphere filled with water, 
the radius of the sphere being r, we could 
still apply the General Law. For the 
area of the surface is 2 tt r', and the dis- 
tance of its centre of gravity from top or 

bottom is — . Therefore, the pressure^ 

P, is: 

P= ;rr" 62.50 = 196.25 r' . . (10) 

and it extends radially in all directions. 
The total downward pressure is the 
weight of the contained water. 

Example. — A semi-circular caldron, 
3 ft. interior diameter, is filled with 
water. What is the total pressure, P^ 
against the interior surface, and what 
the total pressure, F, vertically down- 
ward? 
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Solution, — 
jP = 196.25 X 3.375 = 662.34 lbs. Ans. 
F= 2.095 X 2.25 x 62.5 = 294.61 lbs. 

Ans. 

If there should be water pressure on 
both sides of a submerged surface, the 
actual pressure upon it is the difference 
between the two. Thus: 

Let Fig. 16 represent a vertical sec- 
tion through a diaphragm containing a 




Pig. 16. 

rectangular orifice of height, hj and 
breadth, d, closed by a sliding gate, the 
depth of water over the top of the ori- 
fice being d on one side, and d' on the 
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other. What is the total pressure upon 
the gate ? 

By formula (1) the pressure on one 
side is: 

7^ = JA(2d + A)31.25, 

and on the other: 

7" = JA (2d' + A) 31.25. 

The total pressure, P'\ is then 
7"' = T' - P' 

-P"=JA(2tZ+/i)31.25-JA(2tZ' + A)31.25 
= JA(e?-af') 62.50 lbs. 

Example. — d = 10 ; d' =-h \ A = 6 ; 
i = 2, all in feet. Find P'* in pounds. 

Solution. — 
7"' = 12 X 5 X 62.50 = 3750 lbs. Ans. 
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EXAMPLES FOR PRACTICE. 

1, A vessel, as shown in Fig. 1, is 
fitted with a piston, -P, 10 inches in 
diameter, which sustains a weight, TT, 
including its own, of. 5792 lbs. The 
sloping side has a rectangular orifice in 
it, 2^ in. in height, and 1^^ in. in 
breadth. If the orifice were closed by a 
steel plate riveted over it, what pressure 
would the plate sustain from the weight, 
IF? 186 lbs.. Ms. 

2, Referring to Fig. 2, let the diam- 
eter of the largest tube be 7 in. and the 
height of water in it 17^ ft. Let the 
diameter of the orifice in the top of the 
receptacle be 2 in. If this orifice were 
closed by a plate on the outside instead 
of the tube, what would be the pressure 
Against the plate? Is it necessary in 
order to solve this example, that the 
diameter of the large tube be known ? 

23.77 lbs. Ans. 
No. Ans. 
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3. A rectangular opening, 4 ft. 8 in. 
high, and 3 ft. 2 in. wide, in the vertical 
side of a vessel containing water, has its 
top side parallel with the surface of the 
water, and at a depth of 76 in. below it. 
If the orifice be closed with a sliding 
gate, what is the pressure against the 
gate? 

8004.29 lbs. Ans. 

4. In the above example, suppose the 
opening to extend to the surface of the 
water. What would then be the pres* 
sure? 

11974 lbs. Ans. 

5. A right angled triangle, 5 ft. high 
with a base of 3 ft. in the vertical side 
of a vessel containing water, is immersed 
right angle down, to a depth of 7 ft. 
above the apex. The base makes an an- 
gle of 14° with the surface of the water. 
What is the pressure upon the triangular 
surface ? 

4687.5 lbs. Ans. 
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6, In the side of a receptacle contaiuing 
water, as shown in Figs. 7 and 8, sloping 
at an angle of 15° with the vertical, let 
there be a rectangular opening, 10 ft. in 
height and 5 ft. in width, the top not 
parallel with the surface of the water, 
but inclined at an angle of 5° 15' to it. 
Let the surface of the water be 6 ft. 
above the upper corner of the rectangle, 
all distances being measured on the slope, 
as in Fig. 7. If a steel plate be riveted 
over the opening, on the outside, what 
is the pressure, y, against the plate, 
what the horizontal thrust, T. against it, 
and what the vertical downward pres- 
sure ? 

F = 33812.5 lbs. Arts. 
!r= 32662.9 " Ans. 
V= 8757.4 " Ans. 

7. A vessel in the shape of a symmet- 
rical 4-sided pyramid with the base up 
is filled with water. The base is a rect- 
angle 6 ft. by 8 ft., and the perpendicu- 
lar height of the pyramid is 12 ft. What 



Ans. 
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is the pressure, P, the horizontal thrust, 
T, and the vertical pressure, V, on each 
side ? 

P = 12370 lbs. on each long side. ^ 
== 9488 " '^ short " 

T= 12000 '' " long '' 
= 9000 " *' short " 

V= 3000 " '^ long " 
= 3000 '* '^ short *' 

<^. In an apparatus, such as is shown 
in Fig. 14, the diameter of the cylin- 
der, (7, is 48 in., and that of the tube, ^, 
3 in. There is no water in the appa- 
ratus. A man, weighing with the mov- 
able piston 200 lbs., stands in the place 
of the weights, W, W, and lets water 
from the faucet run into the tube. How 
many U. S. gallons of water must he 
let in in order to raise the piston and 
himself 6 inches, neglecting friction, 
and how high will water stand in the 
tube? 

47.22 gals. Ans. 
0.2556 ft. Ans. 
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9. The small plunger of an hydraulic 
press has a diameter of 1 inch and a 
stroke of 8 inches. The large plunger 
has a diameter of 12 inches. How many 
strokes of the small plunger will be 
necessary to raise the large one 1 inch i 

18. Ans. 
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CENTRE OF PRESSURE. 



10. The centre of pressure is the 
point at which the total pressure upon a 
submerged surface, determined as in the 
preceding article, may be considered as 
being concentrated. ^J^hat is, it is the 
point in such surface through which the 
resultant of all pressures upon it passes, 
and at which a counter pressure of equal 
intensity and contrary direction would 
just balance it. 

Unless the surface is horizontal, as in 
the case of the flat bottom of a vessel 
containing water, the centre of pressure 
is always below the centre of gravity of 
the surface. The two approach each 
other, however, as the depth of immer- 
sion (d^ in Figs. 4, 6 and 7) increases, 
and at a great depth would nearly coin- 
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oide. They are farthest apart when 

d=0. Why this is so will be seen later. 

Referring to Fig. 17, which is another 

view of Fig. 4, it Ib evident that the 




Fig. 17. 

water pressure at the top of the rectan* 
gular surface is that due to a depth of 
water = d^ and at the bottom to one of 
d + h. These pressures, as we have 
already seen, are exercised at right angles 
to the surface pressed upon, so we may 
represent graphically the mass of water 
pressing against the surface b A, by lay* 
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ing off the lines d and J + A at right 
angles to the surface, and completing the 
trapezoidal prism ^s shown in Fig. 18. 
Kow tarn the figure around so that the 
surface, Ih^ shall be horizontali and the 

d 




lines d and d + h vertical, and the pres- 
sure upon the surface is precisely as if a 
similar mass of any substance of the same 
•density as water were resting upon it. 

That this is true is easily proved; the 
volume, Qy of the prismoid l^ A, d^ 
^ + A, is: 

and its weight, TF, is: 

Tf =5A(2df + A)31.25. 
But this is precisely the pressure, P^ 
already given by formula (1). 
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GENERAL LAW FOR THE CENTRE OF 
PRESSURE. 

11. The resultant of the pressure of 
this mass of water (as of any other pon- 
derable substance) upon the surface passes 
through its centre of gravity. Hence 
the general law of the centre of pressure 
is, that it is on the line passing through 
the centre of gravity of the prism of water 
2)ressi7ig against the surface^ and is at 
the point where this line intersects said 
surface. 

In the case shown in Fig. 17 the cen- 
tre of gravity of the prism is easily found, 
for we need only find that of the trape- 
zoid shown in Fig. 18. By the well- 
known and easily verified rules for find- 
ing the centre of gravity of a trapezoid, 
the height,^, above the base at which 
the line, G, passes through the centre of 
gravity of the trapezoid is : 



_ hi Sd -h h \ 
"~ "3 \ 2d + h r 
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It has already been stated that the 
centre of pressure more nearly approaches 
the centre of gravity of the surface 
pressed as the depth of immersion, d, 
increases. If in the above equation, d 
increases indefinitely, h becomes insig- 
nificant in comparison, and therefore dis- 
appears from between the brackets. The 
equation then becomes: 

A 3 7* 

But this is the height of the centre of 
gravity of the rectangle hh^ above the 
base. Indeed, a mere inspection of Fig. 
18 shows that the trapezoid, being made 
up of the rectangle d li and the triangle 
A, A, its centre of gravity must always 
be lower than that of the rectangular 
portion, but that it is less so the greater 
the value of d in comparison with that 
of A. 

Should ^ = ; that is, if the rectan- 
gular surface h h extends to the surface 
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of the water, the ahove equation be- 
comes: 

h 

The latter case is at once the most 
isimple and the most common in practice. 
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Fig. 19. 



It is easily verified hy constructing the 
figure shown in Fig. 19. 

Example. — ^Eef erring to Pig. 19, let 
A = 30 ft., J = 5. What is the weight. 
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-P, of the prism of water pressing against 
the surface bh? 

Solution. — ^The area of the triangle 

A, A, is — ^ = 450 sq. ft., which mul- 

tiplied by 5 gives the number of cubic 
feet in the prism A, A, J, and this multi- 
plied by 6^. 50 gives the weight of the 
prism. Thus : 

QA v^ QA 

^ _ OKI A OKI X 5 X 52.50 = 140625 lbs, 

Ans. 
Check this value by formula (2). 

Example. — At what height above the 
base does the line passing through the 
centre of gravity of the prism of water 
in the above example cut the surface 
bh? 

Solution. — ^The centre of gravity of the 

triangle, A A, is at the height, — , above 

o 

the base. Therefore: 

^ = — = 10 ft. Ans. 
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CENTRE OF PRESSURE ON INCLINED 
SURFACES. 

12. If the surface be inclined, as in 
Fig. 7, the position of the centre of 
pressure in relation to the base of the 
surface is the same as for a vertical sur- 
face. Fig. 20 is a vertical section through 




Pig. 20. 

the inclined surface shown in Fig.- 7.' 
In this case we construct the same trape- 
zoid, only the sides cV and d' + h' are 
obtained by multiplying d and h by the 
cosine of the angle a, which the surface 
makes with the vertical, as the vertical 
depths of water are required. 
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EXAKPLE. — ^Befemng to Figs. 7 and 
20, let A = 10 ft., J = 5 ft., d=20 tty 
and a = 36°. What is the pressure, J^^ 
as obtained from the figures, exercised 
against the surface bh? 

Solution,— Cos. 36° = 0.809. There- 
fore d'=2,0x 0.809 = 16.18; A' = 10 x 
0.809 = 8.09. Then the prism of water- 
contains : 

16.18 + 24.27 .^ ^ ^^.^ ^^ .. 
jr X 10 X 5=1011.25 cu. ft., 

and the weight, or pressure, -P, is: 
J" = 1011.70 X 62.50 = 63203. Ans. 

This is the same, with the slight dif- 
ference due to neglect of small decimals, 
as that already given in connection with 
formula (5). 

The line passing through the centre 
of gravity of the prism, is evidently at 
the same height from the base of the 
surface as if the surface were vertical, 
although its direction is oblique instead 
of horizontal. 
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There has been no difficulty in ascer- 
taining the centre of gravity of the sim- 
ple prisms involved so far, but it be- 
comes more complicated when surfaces 
like those shown in Figs. 5 and 6 are 
under consideration, and in all cases the 
processes of solid geometry require more 
or less pains in their application. A 
general formula will therefore be now 
presented, applicable to all rectangles, 
triangles and trapezoids having horizon- 
tal bases. 

GENERAL FORMULA. 

13. Let Fig. 21 represent the front 
view of a trapezoidal surface forming part 
of the vertical side of a vessel containing 
water to the height, d^ above the top of 
the trapezoid under consideration. Then, 
g being the height of the centre of grav- 
ity, (?, of the figure, we have the general 
formula: 

^^ 2h{2b-\-b')-tQd{b-\-b') ' • ^ ^. 
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ltd=0: 



'=I(^f)- ("^-) 




Fig. 21. 



■ Let us now establish a series of special 
formulas from the above general one, 
repeating those already given, as follows : 
If a surface be a rectangle, then b = b\ 
and the general formula (11) becomes: 



ff = 



2h*b -{-QTidb 
6hb + 12db 



^ = T(rTT5) • • • • (^^) 



74 
When d = 0, formtila (13) becomes: 

^=Y (1^) 

Let the trapezoid be changed to a tri- 
angle, with the apex up, as in Fig. 5. 
Then i' = 0, and the general formula 
becomes: 

_ h'h + 27idh 
9 - 4:hb + 6db 

^ = T\2hT3d} (^^> 

If 6Z=:0: 

g = ^ . . . (Ubis). 

If the figure be a triangle with the 
base up, as in Fig. 6, then 1 = 0, and 
the height, g, above the apex of the 
triangle is: 

_ ¥ V ■\-\lidV 
^ ~ "lliV + ^dV 
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Ud=0; 



A 



(16) 



If the surface were inclined instead of 
vertical, all of the above formulas would 
give the value of g^ measured along the 
slope. It for any purpose the vertical 




Pig. 22. 



value of g should happen to be required, 
it would of course be obtainable by mul- 
tiplying this value by cosine a. 

If the surface is circular, as in Fig. 22, 
and A = diameter of circle, then : 
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ltd = 0. 



^ = T W 



PRACTICAL IMPORTANCE OF THE POSI- 
TION OF THE CENTRE OF PRESSURE. 

14. A knowledge of the position of 
the centre of pressure, as determined by 
the preceding formulas, is necessary in 
all calculations relating to water pressure, 
as the following examples will show. 

Fig. 23 represents a section through a 
reservoir wall, sustaining a water pres- 
sure of depth, h, equal to the height, 
A B, of the wall. The tendency of the 
water pressure is 1st, to shove the wall 
bodily forward, by sliding on the base, 
A^ C, and 2d, to overturn it by rotation 
around the outer toe, C, The force 
tending to produce sliding, is that due 
to the total pressure, Z', as determined 
by previous formulas; the force tending 



77 



to produce rotation is that due to the 
pressure, P^ multiplied by the vertical 
distance, ^, of the centre of pressure 
above the point G of possible rotation. 
When these forces are known, the section 
of the wall can be so proportioned as to 
resist these destructive tendencies. 




-P-T 



It is usual in such cases to calculate 
the pressures per running foot of the 
wall, that is, to make 5 = 1 in the pre- 
ceding formulas, because the wall, of 
whatever length it may be, may be con- 
sidered as made of a succession of 1 foot 
Ifengthg, each sustaining a prism of water 
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1 ft. thick, so that the proper section of 
one of these lengths of wall would be 
that for the whole wall, no matter what 
its length. 

Example. — Eeferring to Fig. 23, let 
A = 30 ft. What is the pressure, F^ 
tending to produce sliding on the base 
A C, and what the moment of this force. 
gP^ tending to produce rotation around 
C, both taken per running foot of wall ? 

Solution. — ^Using formula (2), making 
J = 1, and h = 30, we have: 

F = 31.25 X 900 = 28125 lbs. Ans. 

Using formula (13), 

^ = y=10ft. 

Then 

gF = 10 X 28125 = 281250 ft. lbs. Ans. 

Example. — Fig. 24 represents the 
same wall as in previous example, but in 
a reversed position. The batter is -^y 
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consequently tang, a = 0.25, and a = 
14° 02'. Find -P and ^ T per running 
foot. 




Fig. 24. 

Solution. — From the data the slant 
height AB^ 30.92 ft. Therefore, by 
the General Law, page 18, we find: 

F = 30.92 X 15 X 62.50 = 28988 lbs. 

Using formula (6), we have: 

T= 28988 X 0.97015 = 28123 lbs. 

If we did not already know F^ we 
might use formula (8), from which h 
and 2 d disappear, thus : 



r=30.92^ X 31.25 x 0.97015 =28012 lbs. 
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The slight difference between these 
two values of T are due to neglect of 
small decimals. 

Formula (13) gives the value of g^ 
measured along the slant height A B, 
To obtain the desired vertical distance 
shown in Fig. 24, this value must be 
multiplied by cos. a, thus : 

g = — ^ X 0.97015 = 10 ft. 

o 

Therefore : 

i)r r = 10 X 28123 = 281230 ft. lbs, Ans. 

Observe that values of T and of g T 
are the same as in the preceding exam- 
ple. This proves that the horizontal 
thrust, Ty tending to produce sliding, 
and the moment, g T, tending to pro- 
duce rotation, are the same whether the 
surface in contact with the water be ver- 
tical or inclined. Furthermore, since a 
curved surface may be conceived as made 
up of an indefinite number of inclined 
planes, the above law may be extended 
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to carved surfaces as well. This law 
greatly simplifies the calculation of the 
destructive forces exercised against the 
sides of reservoirs containing water, 

B 




Fig. 25. 

Example. — Fig. 25 is a section 
through the side of a reservoir contain- 
ing water to a depth h — 45 feet, the 
surface in contact with the water being 
a curve, circular, parabolic, elliptical or 
of any other form. Find T and g T per 
linear foot. 

Solution, — 
T = 31.25 X 2025 = 63281 lbs. Ans. 

g T=15x 63281 = 949215 ft. lbs. Ans. 
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We have, therefore, in all such cases 
as those represented by Figs. 24, 25, 
und 26 : 

T=31.25h' (19) 

when h = vertical depth of water, and 
T = horizontal thrust per running foot. 

SPECIAL PROBLEMS. 

16. The vertical downward pressure 
on the sloping or curved surface shown in 
Figs. 24 and 25 »is best obtained by calcu- 
lating the area between the vertical dotted 
line ^, drawn from the foot of the slope 
or curve to the surface of the water, and 
the surface A B oi the wall in contact 
with the water, and multiplying it by 
62.50. The vertical downward pressure 
is, in all such cases, the weight of the 
prism of water supported by the inclined 
or curved surface ^ ^ in contact with it. 
If this surface is vertical, as in Fig. 23, 
there is no downward pressure. 
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Yig. 26 is a section through a barrier^ 
of plank for instance, placed across a. 
canal and supported by two timbers, 
A and B, shown end on in the figure.. 




Fig. 26. 

On one side there is water to the depth 
of A, and in the other to the depth of h\ 
There are, therefore, two thrusts, T and 
T\ in opposite directions against the 
gate or barrier. The resultant thrust 
T" (not indicated in the figure) per run- 
ning foot is the difference of the two in. 
the direction of the greater, T. 
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By formula (19) we would have: 
r=31.25A»; and r = 31.25 h'\ 

Therefore : 

T" = T-- T' = 31.25 {h' - A'«) . (21) 

Example. — Eeferring to Fig. 26, let 
7i = 15 ft. and h' = 9 ft. Find T" per 
running foot : 

Solution. — Inserting data in formula 

T"= 31.25 (225-81) lbs. 
r'' = 4500 lbs. A71S. 

The resultant moment, g" T'\ tend- 
ing to produce rotation about -4, is the 
difference between the two moments g T 
and g' T\ We have, therefore, per run- 
ning foot : 

g" T" = gT-g' T'. 
Using formula (20), we have : 

g"T"^^^^{h'^h") . . (22) 

o 

Example. — In preceding example, 
find g" T" per running foot. 
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Solution. — ^Using formula (22): 

g" T" = ^i^ (3375 — 729) ft. lbs. 

gf, rpn _ 27562.50 ft. lbs. Ans. 

If it were desired to find the value of 
g'\ or the point of application of T" above 
A^ it can be obtained in the above 
example, by dividing 27562.50 by T" 
already calculated. The general formula 
for g" may be derived by dividing for- 
mula (22) by formula (21). Thus: 
31.25 



g" T" ___ 3 



{h' - h") 



T" "" 31.25 (A'' -/O 

Example. — With the previous data, 
find g". 

Solution, — Inserting data in formula 
(23): 

,, _ 1 / 3375 - 729 \ 
^ ■" 3 \ 225 - 81 / 

g'' = 6.125 ft. An8. 
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Knowing the values of g" and T'\ it 
is easy to find the pressure upon the two 
supports A and B^ per running foot. 

Thus, the moment g" T" tends to pro- 
duce rotation of the gate around the 
point A. It is prevented from rotating 
by the pressure, or reaction, TT, of the 
upper support, J9, acting with the lever 
arm A B. We have therefore: 

Wx AB^g" T" 

The pressure, TF', upon the lower sup- 
port, -4, may be found by subtracting 
W from T'\ since the whole weight 
is divided between the two, or it may be 
found independently in th.e same way as 
TF. Thus, T" acting with the lever arm 
AB — g" tends to produce rotation 
around the upper support B. The tend- 
ency is resisted by the reaction, W\ of 
the lower support A^ multiplied by the 
lever arm A B. . Hence: 



87 



Example. — ^With the previous data, 
and letting A B = 11 ii,^ find the pres- 
sure upon A and B, 

Note. — Owing to uncertainty as to exact 
points of bearing, the distance AB is taken 
from out to out of the supports. 

Solution, — Using formula (24), the 

pressure, TF, upon the upper support 

B'\^\ 

27562.50 

n = 

17 

W= 1621.32 lbs. Ans. 

That on the lower support, A, is: 

_ 4500 (17 -6.125) 
17 

TF' = 2878.68 lbs. Ans. 

2878.68 4- 1621.32 = 4500 lbs. 

All of the values obtained in the pre- 
ceding series of examples are per run- 
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ning foot. To obtain total pressures, 
they must be multiplied by the length, 
or breadth, of the piece undergoing the 
pressure. 

Example. — In preceding example, let 
the breadth, J, of the gate be 10 ft. 
Find total pressure, P, against it. 

Solution.— P ^IT" 

P = 10 X 4500 = 45000 lbs. Ans. 

Example. — Let the length of the up- 
per support, B^ be 10 ft., as in previous 
examples, find total equally distributed 
pressure, P, upon it. 

P= 10 TT 

P = 10 X 1621.32 = 16213.2 lbs. Ans. 

This gives a maximum bending stress 
at the middle of the beam of 20266 lbs. 

A rather complicated example will now 
be given, calculated to bring out some 
of the most difficult points in hydro- 
statics. 
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Example. — Yig. 27 shows, in vertical 
section, a conduit, (7, through the side 
of a reservoir, closed by a trapezoidal 




Fig. d7. 



gate, Oy hung upon a shaft at its upper 
side. The side of the wall next the 
water has an inclination of 30° with the 
vertical. The dimensions of the gate 
are shown in feet on the figures, and are 
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taken on the slant height, as shown. 
There is a projecting crank 2 ft. long, 
by pulling upon which the gate may be 
raised. It is desired to find the force, F, 
acting at right angles to the crank, neces- 
sary to start the gate against its own 
weight, 300 lbs., and the pressure of the 
water against it. 

Solution. — Let us first determine the 
water pressure, P, and for this we will 
use the General Law, page 18. 

The area of the gate, from the data, is 
12.25 sq. ft. Its centre of gravity, by 
well-known jule, is at the distance of 
1.67 ft. from its upper side. The dis- 
tance of centre of gravity below the sur- 
face of the water, on the slant height, is 
therefore 10 -f- 1. 67 = 11. 67 ft. The ver- 
tical distance is equal to the slant distance 
multiplied by the cosine of the angle of 
slope, 30°, which is 0.866. The vertical 
depth of the centre of gravity of the gate 
below the surface of the water is, there- 
fore, 11.67 X 0.866 = 10.11. Hence, 
F = 12.25 X 10.11 X 62.50 = 7740 lbs. 
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We now require the centre of pressure, 
or point of application of P, For this 
we use formula (11), in which we have, 
from the data, A = 3.5, h = 3, V = 4, 
d = 10, all on the slant height ; then 
to find g^ the distance of centre of pres- 
sure from lower side of the gate, also on 
the slant : 



_ 3.5 X 3.5 (3 + 4) + 2 X 35 (3 + 8) 
71 
g=i 1.75 ft. 



^ 7(6 + 4) + G0(3 + 4) 



The distance from the hinge or axis of 
rotation is therefore 3.50—1.75 = 1.75 ft., 
and the moment of the pressure about 
this point is : 

gP = 1.75x7740 = 13545 ft. lbs. 

The component of the weight of the 
gate at right angles to its plane is 

IT sin. 30° = 300 x 0.50 = 150 lbs. 

It acts at the centre of gravity of 
the gate, or at the distance of 1.67 ft. 
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from the hinge. The moment is there- 
fore : 

150 X 1.67 = 250.50 ft. lbs. 

The total moment of resistance of the 
gate is therefore 

13545 + 250.50 = 13795.50 ft. lbs. 

The necessary force, F^ to start the 
gate, working with a lever arm of 2 ft. 
is therefore : 

^ 13795.50^ ^Qo^^rv^iu A 
F= = 6897.75 lbs. Ans. 

The arrangement shown in Fig. 27 is 
one almost impossible to be met with in 
practice, but has been assumed as intro- 
ducing a number of conditions which 
increase the usefulness of the example 
as an exercise, 

Such a conduit as shown would gener- 
ally, in practice, be either circular or 
rectangular in cross-section, and the gate 
in any case would generally be rectangu- 
lar and of the sliding type, raised and 
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lowered with a screw. In such a case 
the resistance to be overcome would be 
the pressure, P, multiplied by the co- 
efficient of, friction, which might be 
about 0.75. 

EXAMPLES FOR PRACTICE. 

1, The side of a receptacle containing 
water is inclined at an angle of 12° 30' 
to the vertical. A trapezoidal opening 
is made in it, as in Fig. 21, of which the- 
upper parallel side is 5 ft. long, the lower 
one 7 ft., and the height 8 ft. The 
upper side of the trapezoid is 18 ft. be- 
low the surface of the water, measure- 
ments taken on the slope. If the open- 
ing were closed by a gate, at what dis- 
tance below the surface of the water, 
measured vertically, will the centre of 
pressure upon the gate be ? 

21.10 ft. Ans. 

2. A triangular surface is marked oui 
on the vertical side of a receptacle filled 
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with water. The base, 6 ft. long, is 
level with the surface of the water, and 
the height is 9 ft. At what height above 
the apex of the triangle is the centre of 

V^^^^^^ 4..5tt Ans. 

3, A circular plate, 5 ft. in diameter, 
is set in the vertical side of a receptacle 
containing water. The centre of the 
circle is 4 ft. below the surface of the 
water. What is the pressure, P, against 
the circle, and how far below its centre 
is the centre of pressure ? 

F = 4908.75 lbs. Ans. 
0.39 ft. Ans. 

4. A trapezoidal dam, shown in sec- 
tion in Fig. 23, sustains a water pressure 
against the vertical face of 57 ft. What 
is the horizontal thrust, T, tending to 
push it forward on its base, and what 
the moment, g 7", tending to overturn it, 
both per linear foot ? 

T= P= 101531.25 lbs. Ans. 
gT= 1929093.75 ft. lbs. Ans. 
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5. A trapezoidal dam, as shown ia 
Fig. 24, sustains pressure due to a head of 
60 ft. against a face having a batter of 
1 in 6. What is the pressure P against 
the sloping face, and what are its hori- 
zontal and vertical components, Tand F? 
also, what is the overturning moment,. 
g T, all per running foot ? 

F = 114000 lbs. 
T= 112500 lbs. 
F= 18750 lbs. 
gT= 2250000 ft. lbs. 



Ans. 



6. Eeferring to Fig. 25, let the curved 
surface, A By in contact with the water, 
be half the arc of a circle of which the 
half chord, A = 15 ft., and the versed 
sine = 5 ft. Find F, T and g T^ per 
running foot. 

F= 3193.75 lbs. ] 
r= 7031.25 lbs. [Aus. 

5rr= 35156.25 ft. .lbs. J 

7. Eeferring to Fig. 26, let A = 21 ft., 
and h' = 12 ft. Find the resultant. 
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thrust, T'\ its centre of pressure, g'\ 
and moment, g" T'\ per running foot. 
T" = 9281.25 lbs. ] 
g" = 8.45 ft. y Ans. 
g" T" = 78427 ft. lbs. J 

8. If in above example let ^-B=24 ft., 
and the length of the upper support, B, 
= 9 ft. What evenly distributed pres- 
sure is upon it ? 

29410 lbs. A71S. 
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SPECIFIC GRAVITY. 



GENERAL PRINCIPLES. 

18. The specific gravity of a body is 
the ratio of its weight to that of an equal 
volume of distilled water at 60° Fahr. 

Thus, if a cubic foot of any substance 
weighs twice as much as a cubic foot of 
water, its specific gravity is 2. 

Water is taken as the standard of com- 
parison on account of its availability, its 
uniform weight under easily secured con- 
ditions and the facility with which it 
can be applied to processes of deter- 
mination. 

There are several ways by which this 
ratio may be determined. If a sample 
of the substance be wrought into some 
regular shape, a cube for instance, its 
volume may be accurately measured and 
its weight ascertained. The weight of 
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an equal volume of water is readily cal- 
culated, and by dividing the weight of 
the substance by the weight of the water 
its specific gravity is known. 

Example. — A parallelopipedon of 
metal weighs 18.77 lbs. and measure* 
6'' X 4" X 3" and contains therefore 7^ 
cubic inches = ^ cu. ft. The same vol- 

ume of water will weigh -zr^ = 2.604 lbs* 
24 

Therefore : 

sp.gr.=^;^^ = 7.21. 

Example. — A block of wood is in the 

form of a cube, 6 inches on the side, and 

weighs 5 lbs. It contains 216 cu. in. = 

^ cu. ft. The weight of an equal volume 

62 5 
of water is — ^ = 7.81 lbs. Therefore: 

o 

sp. gr. = y-gj = 0.64. Ans. 

But it would be generally inconvenient 
and frequently impossible to measure the 
exact cubic contents of a piece of mate- 
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rial of which we wish to ascertain the 
specific gravity. In the case of an irregu- 
larly shaped piece, we might employ an 
indirect method of measuremeiit. We 
might take a vessel of proper size and 
shape partly filled with water, and care- 
fully note the exact level at which the 
water stood in it. Then, having pre- 
viously weighed the piece, we might im- 
merse it in the water, either by its own 
weight, or if too light to sink, by gently 
pressing it down until it was completely 
submerged. It would then displace a 
volume of water equal to its own bulk, 
and correspondingly raise the level of the 
water in the vessel. By measuring the 
difference between the two levels, the 
volume of the piece can be calculated. 

Example. — Into a vessel with vertical 
sides and cross-section of 144 sq. in. an 
irregularly shaped fragment of rock crys- 
tal is plunged, raising the water level 
•^ths of an inch. What is the volume 
of the piece ? 
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Solution, — 

-— X 144 = 45 cu. in. = -^ .. cu. ft. 
lb 00.40 

Ana. 

Knowing the weight and volume of 
the piece, its specific gravity can be cal- 
culated as in the previous examples. 

From what precedes, we see that what- 
ever the size, shape or weight of a solid 
body may be, its specific gravity is equal 
to its own weight divided by that of an 
equal volume of water. Expressed as a 
formula, we have : 

W 

s=^ m 

in which /S'= specific gravity, Tr= weight 
of piece, and D = weight of an equal 
volume of water. 

It is evident that if any two of the 
above factors are known, the third may 
be ascertained. Thus : 

W=SD (27) 

Z 

8 



W 
^ = -^ (28) 
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LA^ OF ARCHIMEDES. 

17. A general and very accurate method 
of determination is aflPorded by the appli- 
cation of the Law of Archimedes, which 
may be thus stated : 

When a solid body is immersed in 
water^ it loses a portion of its weight 
. equal to that of the volume of water which 
it displaces. 

If, therefore, we could determine how 
much of its weight the body lost by 
being immersed, we should know the 
weight of an equal volume of water, be- 
cause when submerged it displaces its 
own bulk. 

The desired information is obtained by 
the very simple expedient of first weigh- 
ing the body in the air in the usual way, 
and secondly, by means of a proper 
arrangement of scales weighing it in 
water. This latter weighing will be less 
than the former, because the weight of 
the body is partly supported by the 
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water, and the difference between the 
two weights represents the amount lost 
by the body by immersion. But by 
Archimedes's law as above stated, this 
loss is equal to the weight of the volume 
of water displaced, and as the body has 
displaced its own volume, the loss of 
weight is equal to the weight of a vol- 
ume of water equal to the volume of the 
body. 

Therefore if TT = weight of the body 
in air, and W = its weight in water, 
then in formula (26), D = W'- W\ and 
we have : 

W 
^ "^ W -- w ^^^^ 

Two cases present themselves. First, 
when the body is heavier than water, 
and therefore sinks in it by its own 
weight. In this case (29) applies. 

Example. — An irregularly shaped 
piece of metal weighs 7.50 lbs. in the 
air and 6.46 lbs. in water. What is its 
specific gravity ? 
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Solution, — 

7.50 ,y.50_ 
7.50- 6.46 ~ 1.04 ~" 

Ans. 

The second case occurs when the body 
is lighter than the water, and would 
therefore float upon it. In order to sub- 
merge it, a weight sufficient to sink it 
must be attached. What we want to 
know is the weight of water displaced by 
the light body when submerged, for we 
can then determine its specific gravity 
by formula (26). The following con- 
siderations enable us to do this: It 
is evident that the weight of water dis- 
placed by the two bodies when sunk 
together must be equal to the sum of the 
weights displaced by each if sunk sepa- 
rately, supposing that it were possible 
for the lighter body to sink by itself. 
Now we have two expressions for the 
weight of this displacement, one applica- 
ble to the light body, given by (26), and 
the other W — W\ derived from (29), 
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applicable to the heavy body and the 
combination of the two. 

The data required, therefore, are: 
W = weight of light body in air of which 
the specific gravity is required ; H = 
weight in air of the sinker; H' = weight 
in water of the sinker; W = weight in 
water of light body and sinker combined. 

These data having been obtained, we 
-Lave: 

W 

— = weight of water displaced by light 

body. 

JI — H' = weight of water displaced by 
sinker. 

W + H —W = weight of water dis- 
placed by sinker and body. 
Then: 

w 

1L. = W-W' -\- H' 

o 

W 
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Example. — ^A piece of cork weighsr 
■J oz. in air. A piece of lead weighing 
4 oz. in air and 3.64 oz. in water is at- 
tached to the cork as a sinker. The 
weight in water of the combination is 
2.04 oz. What is the value of S? 

Solution. — Substituting in (30), wft 
have: 

0.50 



S = 



0.50-2.04 + 3.64 
^'^^ = 0.238. Ans. 



2.10 

The discovery by Archimedes of the; 
law known by his name, and the earliest 
application of it by him to a practical 
use, were made simultaneously, accord- 
ing to an accredited tradition. Viturius 
tells us that King Hero of Syracuse gave 
7465 grammes of gold to a goldsmith te 
be made into a crown. When the crown 
was finished, although the weight was 
correct. Hero suspected that in its manu- 
facture a certain portion of silver had 
been substituted for an equal weight of 
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gold. He therefore consulted Archi- 
medes, and entrusted to him the duty of 
discovering the fraud without injury to 
the crown. The task seemed hopeless, 
but while in the bath Archimedes no- 
ticed, apparently for the first time, the 
phenomenon of the displacement of water 
by the immersion in it of a solid body. 
As the bearing of this discovery on the 
proposed problem flashed upon him, and 
doubtless realizing its far-reaching scope 
in further scientific research, we are told 
that, beside himself with exultation, he 
sprang from the bath, and all unclothed, 
rushed through the streets of Syracuse 
exclaiming " Eureka ! Eureka! I have 
found it! I have found it! " 

The practical application of the prin- 
ciple was as follows: A piece of gold 
when weighed in air and water, was found 
to lose 0.052 of its weight by immersion. 
A piece of silver was found to lose 0.096 
of its weight when immersed. The crown 
was found to lose 467 grammes in water. 

Having these data, the problem which 
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at first baffled even the skill of Archi- 
medes became a matter of elementary 
algebra, and is given as such in the intro- 
ductory chapter of Briot's Algebra. 

Let X = weight of silver in the crown» 
Then 7465 — x = weight of gold in it. 
The weight of water displaced by a: 
grammes of silver will be : 

0.095 X 
and by the gold 

0.052 (7465 - x). 

The water displaced by the crown^ 
made up of x grammes of silver and 
(7465 — x) grammes of gold, weighs 467 
grammes. Then : 

0.095 X + 0.052 (7465 - ar) = 467. 

Whence : 

X = 1833 grammes = weight of silver.. 

and 

7465— a;=6632grammes=weightof gold. 

• The solution was no doubt approxi- 
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mate only, because the specific gravity 
of the test pieces might be different from 
that of the gold and silver used in the 
crown, and it was assumed that the two 
metals underwent no change of volume 
by the alloying, but it would be difficult 
to find in the whole history of scientific 
investigation a more brilliant triumph of 
genius than is offered by the above prob-» 
lem and its solution. 

SPECIAL APPLICATIONS OF THE LAW 
OF ARCHIMEDES. 

18. A useful corollary to the Law of 
Archimedes is as follows : 

A buoyant body floating m water dis- 
places an amount of water equal to its 
own weight. 

Example. — For the purpose of ob- 
serving the velocity of a tidal current, it 
is desired to ballast a piece of joist, 10 ft. 
long by 4 in. square, so that it will float 
upright, leaving 3 in. of its length out of 
water. The ballast will consist of pieces 
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of lead fastened to one end of the joist, 
and the volume of the lead, being rela- 
tively insignificant, will be ignored. 
What should be the combined weight of 
joist and ballast in order that it may 
float as desired ? 

Solution. — As g' g" of the joist are to 
be submerged, and the cross-section of 
the piece is 4"x4"=16", the volume 
of the submerged portion is 1872 cu. in. 
= 1.083 cu. ft. The float will therefore 
displace this volume of sea water, of 
density = 64 lbs. per cu. ft., weighing 
1.083 X 64 = 69.31 lbs. Ans, 

If the stick were of white pine it would 
require about 40 lbs. of ballast. It should 
be well painted to prevent increase of 
weight by absorption of water. 

Example. — A barge loaded with coal 
has been sunk in tidal water, the barge 
and cargo weighing 650 tons or 1300000 
lbs. It is desired to raise it by means 
of water-tight caissons attached to it at 
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low water, in order that the rising tide 
may lift it so that it can be towed into 
shallower water, the operation being re- 
peated on successive tides until the wreck 
is finally beached. The caissons are 
cylindrical in shape, of 12 ft. diameter, 
and weigh 2000 lbs. per running foot. 
The buoyancy of the vessel is not taken 
into account, as it is supposed to not 
more than offset the adhesion of the mud 
in which it has settled. The caissons 
may be submerged for 90^ of their bulk. 
How many running feet of such caissons 
will be required to float the barge ? 

Solution, — Let x = the length of cais- 
sons. Since it weighs 2000 lbs. per foot 
and the wreck weighs 1300000 lbs., the 
total weight to be floated is 2000 x 4- 
1300000. To float this weight the cais- 
sons must displace an equal weight of 
sea water at 64 lbs. per cubic foot. Then, 
recollecting that only 90^ of their bulk 
is available, we have: 
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113 X 64 X 0.90 X = 2000 a; 4- 1300000. 
X = 288 ft. Am. 

It may be convenient sometimes to- 
know the volume of a body of certain 
weight and specific gravity. From pre- 
vious formulas we deduce: 

w _ 0.016 r 

^ - 62.5 S- 8 ■ ■ ^^^* 

^=60 = ^-^^^^ ^^^> 

in which F = volume of body in cu. ft., 
Tr= weight in lbs., and D = weight of 
displaced water. 

Example. — What volume of cork, 
specific gravity 0.24, must be attached 
to 6 lbs. of iron, specific gravity 7. 6, in 
order that the whole may just float in 
water? (Bowser,) 

Solution, — In this problem we want 
to know the volumes and weights of 
cork and iron. Referring to (31), we 
have: 
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Weight of iron 6 lbs. 

Volume of iron 7-r-= r— r cu. ft. 

62.5 X 7.6 

Weight of cork x lbs. 

Volume of cork Tr^r— --r— cu. ft. 

62.5 X 0.24 

The volumes of cork and iron multi- 
plied by 62.5 must equal their combined 
weights. Then : 

6a;,. 

776 -^ 024 = ^ + "^ 

- 9^504 
^""5.776 

This is the weight of the cork. From 
(31), we have for the volume: 

. _ 0.016 9^5^ 
"" 0.24 ^ 5.776 

= 0.1097 cu. ft. Ana. 
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GENERAL LAW OF BUOYANCY. 

19. In all problems relating to buoy- 
ancy and flotation, the general rule is 
that the immersed volume in cubic feet 
of the floating body or bodies, multiplied 
by 62.5 (or whatever the weight of the 
liquid may be), must be equal to or 
greater than the weight in pounds of the 
body or bodies. 

Formulas (32) and (33) enable us to 
determine the volume of solids of which 
we know the weight, specific gravity, or 
weight of water displaced by them. 

Example. — A cast-iron cannon ball 
weighs 32.24 lbs. What is its volume ? 

Solution. — Assuming S = 7.20 lbs., 
we have, using (31) : 

^^ 0.010x32.24 ^^^^^ ,^ . 
V = — = 0.0716 cu. ft. A?is. 

Results thus obtained are necessarily 
approximate, because though 7. 2 is given 
as an average value, the specific gravity 
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of any given specimen may readily vary. 
A surer though very much more compli- 
cated method is to ascertain by actual 
trial the weight of displaced water by 
weighing the given specimen in air and 
water, and applying formula (32). 

Example. — A heavy body of irregular 
shape is found to weigh 30 lbs. in air 
and 23 lbs. in distilled water of 60° Fahn 
What is its volume ? 

Solution. — 

F= -2-z = 0.112 cu. ft. Ans. 
62.5 

The specific gravity of the substance 
is ascertained from the same data, and is 
4.286, about half the weight of an equal 
volume of copper. 
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Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 £0 

KISSIiEB (M.). The Metallurgy of Gold ; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores, including the Processes of Concentra- 
tion aud Chlorination, and the Assaying, Melting 
and Refining of Gold. Fourth Edition, revised and 
greatly enlarged. 187 illustrations. 12mo, cloth 5 00* 

The Metallurgy of Silver ; a Practical Treatise on 

the Amalgamation, Roasting and Lizivation of Silver 
Ores, including the Assa>ing, Melting and Refining 
of Silver Bullion. 1^ illustrations. Second edition, 
enlarged, 12mo, cloth . .. 400 

The Metallurgy of Argentiferous Lead : a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Fiurnaces and Plants in 
Europe and America. With 183 illustrations. 8vo, 
cloth 500 

■ Cyanide Process for the Extraction of Gold and 

its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Second edition. Enlarged. 

8vo, cloth. Illustrations and folding plates 8 00 

A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-Glycerine and other 
Explosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosives in 
practical application . Secon d edition, enlarged with 
150 illustrations. 12mo, cloth 6 00 

SUOT (C. W.)> and STOR£B (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols Illustrated. Nineteenth 
edition, newly revised by Prof. W. B, Lindsay, 12mo. 

doth. tm 
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BIXIOT (MaJ. GEO. £[.)• European Light-House 
Systems. Being a Report of a Tour of Inspection 
made in 1873. 51 engravings and 21 woodcuts. 8yo, 
cloth 600 

KIXISON, (LEWIS M.): Practical AppUcatlon of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations 2 00 

EVERETT (J. D.). Elementary Textbook of 
Physics. Illustrated. Seventh edition 12mo, cloth 1 50 

SWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrations. 8vo, cloth 4 00 

SPANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- Works in North America. 180 
illustrations. 8vo, cloth. Fourteenth edition, revis- 
ed, enlarged, and new tables aod Illustrations 
added. 650 pages 6 00 

WISH. (J. C. L.^. Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9xl2y^, boards 1 00 

9'ISKE (Lieut. BRADLEY A., U. S. N.). Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 60 

XTSHER (H. K. C. and DARBY, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 50 

VISHER (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth 225 

*XKISCHMANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by 0. M. Aikman and 
R. Patrick Wright. 8vo, cloth 4 00 

CXEMING (Prof. J. A.). The Alternate Current 
TraDsformer in Theory and Practice. Vol. 1— The 
Induction of Electric Currents; 611 pages. New edi- 
tion. Illustrated. 8vo, cloth 5 00 

Vol.2. The Utilization of Induced Currents. Illua- 
trated. 8vo, cloth 6 00 

— Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the ^val Insti- 
tution, April-May, 1894. 8vo, cloth, fully illustrated 8 00 



SCIENTIFIC PUBLICATIONS. 13 

IXEMIN6 (Prof. J. A.). Electrical Laboratory 
Notes and Forms. Elementary and advanced. 4to, 
cloth, illiistrated : 6 00 

FOI<£T (NEI.SON), and THOS. PRAY, Jr. The 

Mechanical Engineers' Beference Book for Machine 
and Boiler Construction , in 2 parts. Part 1 — General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates .and numerous illustrations, 
specially drawn for this work. Folio, half mor . . .25 OO 

FORNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. Svo, cloth 3 50 

FOSTER (Gen. J. 6., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwln Bocks. Illustrated with 7 plates. 
4to, cloth a 5(1 

FOSTER (H. A.)« Electrical Engineers' Pocket Book. 
1000 pages with the collaboration of Eminent 
Specialists (In press> 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open: Air. Second 
edition. Diagrams and large plates. 8vo, cloth. . . . 7 60 

FOWLER. Mechanical Engineers' Pocket Book for 
^ 1900 100 

FOX (WM.), and C. W. THOMAS, M. E. A 

Practical Course in Mechanical Drawing. 12mo, 
cloth with plates 1 25 

FRANCIS (J AS. B., C. E.). Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, ana through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with 23 copper-plate engrav- 
ings. 4to,cloth 160O 

FROST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Bail- 
road Location and Construction. Fourth edition. 
12mo,cloth 1 OO 
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mUlXXVL (OEOBGS W.)* Report on the Invofltiga- 
tiOQS into the Purification of the Ohio River Water 
:at Louisville, Kentucky, made to the President and 
Directors of the Louisville Water Company. Pub 
lisbed under agreement with the Directors. 4to, 
cloth. 3 full page plates net 10 00 

OEIPBL (WM.}, and KILOOUR* (M. H.) A 
Poeketbook of Electrical Engipeering Formula. Il- 
lustrated. 18mo, morocco 8 00 

Ijarge paper edition, wide margins. 8vo, moroco, 
gUtedges 600 

CEBBER (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo,cloth 196 

OIBBS (WILLIAM F.). Li>rhtingby Acetylene, Gen- 
erators, Burners and Electric Furnaces. With 06 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

CtlLLMOBE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No 8, containing Reportsof numerous Experiments 
tcoriducted in New York Cityduring the years of 1868 
to 1861, inclusive. With numerous illustrations. 8vo 

cloth 400 

Practical Treatise on the Oonstniction of Roads. 



Streets, and Pavements, with 70 illustrations. 12mo, ^ 
cloth 2(0 



Report on Strength of Building Stones in the 

United States, etc. 8vo, illustrated cloth 1 00 

410LDING (HENRY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth, niustrated net 1 86 

4100DEYJS (T. M.). A Text-Book on the Steam En- 
gine. With a Supplement on Gas-Engines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, doth. . . 2 00 

«M>BDON (J. E. H.). School Electricity. Illustra- 
tions. 12mo, cloth 8 00 

'4M>BE (G., F. B. S.). The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
Ulusirated. 8vo, cloth 3 60 

Electro Chemistry Inorganic. Third Edition. 

8vo, cloth 80 
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OOUI.D (E. SHERMAN). The Arithmetic of the 
Steam Engine. 8vo, cloth 100 

GRIFFITHS (A. D., Ph. I>.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. ISmo, cloth 8 00 

GROT£R (FREDERICK). Practical Treatise on 
Modem Gas and Oil Engines. 8vo, cloth. Illustrated 8 00 

GURDEN (RICHARD I.I.OTD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 50 

GUY ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
Station Work. 8 vo, cloth. Dlustrated 8 60 

HAEDER (HERMAN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations 3 00 

HALIi (WM. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 26 

HAI.se Y (F. A.). Slide Valve Gears; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition 160 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16mo, boards 60 

HAMILTON (W. G.). Useful Information for Rail- 
way Men. Tenth Edition, revised and enlarged. 
562 piges, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Book of Mechan- 
ics and Hydrostatics, with over 600 diagrams. 8vo, 
cloth 176 

HARRISON (W. B.). The Mechanics^ Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron- Workers, and others. Illustrated 
with 44 etjgravlngs. 12mo. cloth 1 60 
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HASKINS (C. H.)« The Galvanometer and its Uses. 
A Manual tor Electricians and Students. Fourth 
edition. 12mo. cloih ... 180 

HAWKE (WILLIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and moet useful general 
code 3 et published. 4to, cloth . . 5 00 

— — 700,000 Words; Supplement to the Premier Code. 
All the words are select *<i from the official vocabu- 
laiy. Oblong quai to, cloth 420 

HAWKINS (C. C.) and WALLIS (F.). Th» Dynamo; 
its Theory, Design and Manufacture. 190 illustra- 
tions, 12mo, cloth 8 00 

HAT (ALFRED). Principles of Alternate-Current 
Working. 12mo, cloth, il to stra ed ... ... 200 

HEAP (Major I>. P., V. S. A.). Electrical Appliances 
of the Present Day. Report « f the Paris Electrical 
Exposition of 1881 350 illustrations. 8vo, cloth 2 00 

H]£AVISID£ (OIiIT£B). Elect omagnetic Theory. 
8vo, c otb, two Tolumes t ac j 6 00 

HENBICI (OLAUS). Skeleton Structures. Applied 
to ihe Building of S eel and Iron Bridges. Illustrated 1 60 

H£BRMA?i N (GUST AV). The Graphical Statics of 
Mechanism. A Guide for Ue Use of Machinists, 
Architec s, and Engineers; and also a Text -book for 
Technical Schools. Transited and annotated by A. 
P. Smith, M. E. 12 xo, cloth, 7 folding plates. Third 
Edition 200 

HERMANN (FELIX). Painting on Glass and Porce- 
lain and Enamel Palm lag. On the Basis of Personal 
Practical Experience • f the c ondition of the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition. 8vo, cloth, Illustrations, 
net 860 

HEWSON (WM.). Princ'ples and Prac Ire of Em- 
bankirg L^nds f rem River Floods, as applied to the 
Levees of the Mississippi. 8vo, cloth 200 

HILL (JOHN W^.). Th-^ Purification of Public Water 
Supplies. Illustrated with valuable Tables, Dia- 
grams and Cuts. 8vo, clotb, 804 pages 3 00 

■ The Inters reta* icn of Water Analyses. . (En Press) 
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HOBBS (W. B. P.). The Arithmetic of Electrical 
Measur. meets with numerous examples. Fulljr 
Worked, 12mo, cloth ^ ,00 

HOFF (WM. B., Com. U. S. Navy.). The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOLLEY (AI.EXAND£R L.). Railway Practice. 
American and Europecui Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. FoUo, cloth 12 00 

HOLMES (A. BROMI.E10. The Electric Light Pop- 
ularly Explained. Fifth Edition. Illustrated. 12mo, 
paper 40 

HOPKINS (NEVII. M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Constiiiction. 12mo, cloth 135 

HOSPITAT.I£B (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. R.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 160 

HUMBER (WILI.IAM, C. K.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 60 

^HURST (GEORGE H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams 8vo, cloth. Illustrated. Price 2 60 

Lubricating Oils, Fats and Greases. Their Origin , 

Preparation, Properties, Uses and Analysis. 313 
pages, with 65 Illustrations. 8vo, cloth 8 00 

■ Soaps; A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illustrated with 

66 Engravings. 8vo, cloth 5 00 
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fiUTCHINSON (W. B.). Patents and How to Make 
Mo ey out of Them. Member of New York Bar. 
12mo,cloth. NewYork,1899 125 

BUTTON (W. S.)* Steam Boiler Construction. A 
Practical Hand-book for En^eers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
desi^, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 500 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth ... 6 00 

Practica Engineer's Hand-book, Comprising a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 

illustrations. 8vo, cloth 7 00 

The Works' Manager's Hand-book of Modern 
Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 150 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

INN£S (CH ABIDES H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 60 

— Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics 
12mo, cloth 1 60 

ISHBBWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2 vols, in 1. 8vo, cloth '. 2 50 

^TAMESON (CHA1ll.ES D.). Portland Cement. Its 
Manufacture and Use. 8vo, cloth 1 60 

JAMIESON (ANDBEW C. E.). A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, City and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth 8 00 

■ Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Year Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. i2mo, cloth 140 
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JANNBTTAZ (EDWARD). A Qttide to the Detei^ 
misttdon of Rocks : being an Introduction to 
litholofn^. Translated from the French by G. W. 
Pljmpton, Professor of Physical Seience at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 59 ^ 

JOHNSTON, Prof. J. F. W., and CAMERON, Sir 
CHAS. Elements of Agricultural Chemistry and 
Geology. Seventeenth edition. ISmo, cloth 2 09^ 

JOTNSON (F. H.). The Metals nsed in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated, l^mo, 
cloth 75- 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo,cloth 2 0P> 

KANSAS OITY BRIDGE (THE.) With an Account 
of the Regtmen of the Missouri River and a Descrip- 
tion of the Methods used for Founding in that River. • 
By O. Chanute, Chief Engineer, and George Mondr- 
son. Assistant Engineer. Illustrated with 5 litho^ 
graphic views and 12 plates of plans. 4to, cloth. . . 6 00 

KAPP (GISBERT C. E.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Handbook. Fourtb 
edition, revised. 12mo, cloth 3 60 

Dynamos, Alternators and Transformers. 188- 

niustrations. 12mo, cloth -4*00 

KEMPE (H. R.). The Electrical Engineer's Pocket<- 
Book of Modern Rules, Formulee, Tables and Dbta. 
Illustrated. 82mo, mor. gilt 175 

KENNEIiliY (A. E.). Theoretical Elements of Elec- 
tro Dynamic Machinery. 8vo, cloth ISO* 

KILGOUR, M. H., SWAN, H.. and BIGGS, C. H. 

W. Electrical Distribution; its Theory and Practice. 

174 Dlustrations. 12mo, cloth 4.00) 

KING (W. H.). Lessons and Practical Notes on. 
Steam. The Steam Engine, Propellers, etc., for- 
Toung Marine Engineers, Students, and others. 
Revised hy Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, cloth ... 2 W' 

KINGDON (J. A.). Applif>d Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
8vo,cloth sot 
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KIRK AI.DT ( WM. G.). Illustrations of David Kirk- 
aldv's System of Mechanical Testing, as Origtiuited 
and Carried On by him during a Quarter of a Century. 
Comprising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Mate- 
rials used in Construction, with explanatory Text 
and Historical Sketch. Numerous engravings and 
25 lithographed plates. 4to, cloth 30 00 

KIBKWOOD (J AS. P.). Report on the Filtration of 
River Waters for the supplv of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to, cloth 7 60 

I<ARIl ABEE (C. S.). Cipher and Secret Letter and 
Telegraphic Codn. with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
cloth 60 

ULZTlJJIuE (H. M.). One Law in Nature. A New 
Corpuscular Theory comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 160 

IJSASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 8 00 

Triple and Quadruple Exx)ansion Engines and 

, Boilers and their Management. With fifty-nine 

; . iillustrations. Third edition, revised. 12mo, cloth. . 2 00 

- _— Refrigerating Machinery : Its Principles and 
Management. With sixty-four illustrations. ]2mo, 
cloth 200 

. LECKT (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 130 illustrations. 8vo, cloth. Ninth 
edition, revised 8 40 

iXJEVY (C. L.). Electric Light Primer. A Simple and 
'Comprehensive Digest of all of the most important 
'facts connected with the winning of the dynamo, and 
- -electric lights, with precautions for safety. For the 
^se of persons whose duty it is to look after the 
plant 8vo, paper 60 
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UTACHE (ACH., Ine^nieur Civil Des Mines). 

The Manufacture of varnishes, Oil Crushinfirf Refin- 
ing and Boiliag and Kindred Indubtrie?. Translated 
from the French and greatly extended, hy John 
Geddes Mcintosh. 8vo, cloth. Illustrated net 6 00 

IX>CK£ (ALFRED O., and CHARLES O.) APrac* 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to ^cale Meas- 
urements, and other Illustrations. BoyalSvo, cloth.lO 00 

liOCKERT (L.OUIS). Petroleum Motor-Cars. 12mo, 
cloth 160 

IX>CKWOOD (THOS. D.). Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
htudents. Operators, and Inspectors, dvo, cloth. 
Thirdedition 2 50 

Electrical Measurement and the Galvanometer ; 

its Construction and Uses. Second edition. 32 illus- 
trations. 12mo, cloth 160 

LODGE (OLIVER J Elementary Mechanics, 
including Hydrostat nd Pneumatics. Revised 
edition. 12mo. cloth 1 60 

LORING (A. E.). A ' -book of the Electro-Mag- 
netic Telegraph, r boards 60 

Cloth 75 

Morocco 100 

LUCE (Com. S. B.). ct-Book of Seamanship. The 
Equipping and Hf ag of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson, 
bvo, cloth 10 00 

LUNGE (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 342 

illustrations. 8vo, cloth 15 00 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol III. Bvo, cloth. New edition, 1896. 15 00 

liUNGE. (GEO.), Pnd HURTER, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, I'otash and Ammonia. Second edition. 
12mo,cluth .. 8 01 
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I^UQUSR (I^A McILTAINE, Ph. D.). Minerals 
in Bock Sections. The Practical Method of Identi- 
fying Minerals in Rock Sections with the micro- 
scope, E6F«ecially a rranged for Students in Technical 
and Scientific bchools. ^vo. doth. Illustrated.. net 1 60 

MACCORD (Prof. C. W.). A Practical Treatise on 
the Slide- Valve by Eccentrics,.examining by methods 
the action of the Eccentric upon the Slide- Valve, 
and explaining the practical processes of laying out 
the movements, adapting the Valve for its various 
duties in the Steam Engine. Second edition. Illus- 
trated. 4to, cloth 2 60 

MAGUIBE (Capt. EDWARB. U. S. A.). The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50' 

MAOUIR£ (WM. R.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 832 
illustrations. 8vo 4 00 

MARKS (EDWARD C. R.). Mechanical Engineering 
Materials: their Properties and Treatment in Con- 
struction. 12mo, cloth. Illustrated W 

Notes on the Construction of Cranes and Lifting 

Machinery. 12mo, cloth 1 00 

MARKS (O. C). Hydraulic Machinery Employed in 
the Concentration and Transmission of Power. 
12mo, cloth 1 25 

MATER (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 3 50 

MAYER (Prof. A. M.). Lecture Notes on Physics. 
Svo, cloth 2 00 

Mcculloch (Prof. R. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. Svo, cloth 8 60 

McNeill (Bedford). MoNeiirs code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies, Bankers, Srocic and Share 
Brokers, Solicitors, Accountants. Financiers, and 
General Merchaniis. Safety aud Secrecy. 8vo, cloth. 6 00 
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MBRBIU. (Col. WM. E., U. S. A.). Iron Truss 
Bridges for Railroads. The method of calcul tiiij? 
strains in Trusses, with a careful comparison of the 
mo't pr. mineut Trusses, in reference t > economy in 
combi ation, ttc. Illustrated. 4to, cloth. Fourth 
Editi n 500 

:fIE:TAIi TURNING. By a Foreman Patfem Maker. 
Illustrated ^ ith 81 f ngravi gs. 12mo, cloth 1 50 

MINIFI£ (WM.). Mechanical D-^awing. A Text- 
bo k f Geometrical Draw ng for the use of Mechanics 
and Schools, in which he Definitions and Rules of 
Gteo'iittry » re fami iarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in their description technicalities 
are avoided as mii- h as possible. With illustrations 
for Draw ng Pl^ns SecMons. and Elevations of Rail- 
ways and Machinery; an Introduction to Isometric >1 
Drawine, a d an Essay on Linea- Perspective and 
Shadows Illustrated with over 200 diagrams 
engraved on steel. Ninth ti ousand. With a * appen- 
dix on the Theory and Application of Colors, evo, 
clotn 4 00 

Qeom trical Drawing. Abridged from the Octavo 

edition, for the us i of schools. Ulus rated with 48 
steel plates. Ninth edition. 12mo, cloth 2 00 

MODERN METEOROLOGY. A Series of Six 
Lectu es, delivered under the ausvicesof the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 50 

MOREING (C. A.), and NEAL (THOMAS). Tee- 
graphic Mioiog Co e Alphai ecically arranged. 
Second edition. 8vo, cloth 8 40 

MORRIS (E.). Easy Rules for the Measurement of 
Earthworks by means «f the Prismoidal Formula. 
8vo, cloth. Illustrated 1 50 

MOSES (ALFRED J.), and PARSONS, C. L. Ele- 
ments of Minera'ogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Second 
thousand. 8vo, cloth. 360 illustrations net 2 00 

MOSES (AliFRED J.). The Characters of Crystals. 
, An Introduction to Physical Crystallography, con- 
taining 321 Illustrations and Diagrams. 8vo, 211 
pp. net 2 00 
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MO£I.I.BB (F. C. O.). Krapp*8 Steel Works. With 
88 illustrations. By Felix Schmidt and Montan. 
Authorized Translation from the Qe man. 4tow 
cloth (In Press.) 

MU1.I.IN (JOSEPH P., M. £.)• Modern Mouldinf; 
and Pattern-Making. A Practical Treatise upon 
Pa* tern Shop and Foundry Work; em racing the 
Moulding of Pulleys, Spur Gears, Worm (j^rs, Bal- 
ance-Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machin- 
ery, Screw Propellers. Pattern-Shop Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
ana carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foundry, l^mo, cloth. Illustrated ^ 2 50 

MUNRO (JOHN C. £.), and JAMI£SON 
ANDREW C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electriciaus and 
Engineers. Ttiirteenth edition, revised and enlarged. 
With numerous aiagrams. Pocket size. Leather.. 2 50 

MURPHY (J. G., M. E.). Practical Mining. A 
Field Manual for Mining Engineer^. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings. 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair. Coins, Arms, and Stains, asapplifd to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chaiidler, Ph. D., M. D., LL. D. 12mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
cloth. 62^ pages. 250 Ulustrations 8 00 

NEWAIX (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
shape from end to end; and showing how to get out 
all particulars for the Workshop without making ^ 
any Drawings Including a Full Set of Tables of 
Reference. Folding plates, bvo, clo h 150 
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NEWCOMB (EDWARD W.)* Stepping Stones to 
Photography. 12mo, cloth. Illustrated. N.Y.. 1899. 

(In Press.) 

NEWIiANDS (JAMES). The Carpenters* and Join- 
ers' Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength or Mate> 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIPHEB (FRANCIS E., A. M.). Theory of Mag- 
netic Measurements, with an appendix on the 
Metiiod of Least Squares. ]2mo, cloth 1 OO 

NO AD (HENRY M.). The Students* Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preece. Witn 471 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or, Ligfhtand Sight 
theoretically and practically treated, with the ajppli- 
cation to Fine Art and Industrial Pursuits. With 
103 illustrations. 12mo, cloth. 1 60 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. C!omprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribut on and Use 
of Coal Gas and the Construction of Gas Works. 
12mo, fuUleather, gilt edges 8 50 

OUDIN (M. A.). Standard Polyphase Apparatus and 
Systems. Fully illustrated 8 00 

PAGE (DAVID). The Earth's Crust, A Handy Out- 
line of Gteology. l(>mo,cloth 75 

PAI.AZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized translation from the French, by 
George W. Patterson, Jr. Second edition, revised. 
8vo, cloth. Illustrated 4 00 

PARSHALL (H. F.), and HOBART H. M. 
Armature Windings of Electric Machines. With 140 
full page plates, 65 tables, and 1(55 pages of descrip- 
tive letter- press. 4to, cloth . 7 60 

PARSHALI. (H. P.), and EVAN PARR£. 
Electrical Equipment of Tramways (In Press.) 

PEIRCE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

Linear Associative Algebra. New edition, with 

addenda and notes, by C. L. Pierce. 4to, cloth 4 00 
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PEBBIN£ (F. A. C, A. M., D. SO. CoDductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole Tjine 
Construction, Uuderground Working and other Uses. 

(In Press.) 

PERRT (JOHN). Applied MechaLics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 650 pagtrs.,net 2 60 

FHIIiLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise f^r the use of Analytical Chem- 
ists, Engineers, Iron Masters, Iron Founders, 
students and othTS. Comprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. S14 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 00 

PICKWORTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indica(or: Its Construction and Apphcation. 81 
illustrations. 12mo, cloth 160 

The Slide Rule. A Practical Manual of Instruc- 
tion for all Users of the Modem Type of Slide Rule, 
exhibiting the Application of the lustriunent to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, flexible cloth. Fifth edition, 80 

PLANE TABLE (THE). Its Uses in Topographical 
Surveying. From the Papers of the United States 
Coasi Survey. Illustrated. 8vo, cloth 2 00 

PLANTS (GASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. ElwelL 89 
illustrations. 8vo 4 00 

PLATTNEB. Manual of Qualitative and Quantitatiye 
Analysis with the Blow-Pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well. Illu.^trated with 87 woodcuts and one litho- 
graphic plate. Seventh edition, revised. 660 pages. 
8vo, cloih 6 00 
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PLYMPTON (Prof. GKO. W.). The Blow Pipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various Bouroes. 12mo, 
doth 150 

The Aneroid Barometer: its Construction and 

Use. Compiled from several sources. Fourth 

edition. 16mo, boards. Illustrated 60 

Morocco 100 

POCKET LOGABITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Loga- 
rithmic Bines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. l6mo, boards 60 

POPE (F. Ii.>. Modem Practice of the Electric Tele- 
graph. A Technical Handbook for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8to, cloth. 1 50 

POPPLETV^EIili (W. C). Elementary Treatise on 
Heat and Heat Engines. Special y adapted for 
engineers and students of engineering. l;too, cloth. 
Illustrated 8 00 

POWI.es (H. H.). Steam Boilers (In Press.) 

PRAY (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulee. 
Illustrated. 8vo, cloth 2 60 

— ^— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. 8vo, cloth 2 00 

PRACTICAL IRON FOUNDING. By the Author 
of '* Pattern Making,^' &c , &c. Illustrated with 
over one hundred engravings. 12mo, cloth 150 

PREECE (W. H.). Electric Lamps Qn Press.) 

PREECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 60 

PREMIER CODE. (See Hawk, Wm. H.) 

PRESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and analytical Chemistry 
of certain Carbon Compounds in Common Use: a 
Oulde in the Qualitative and Quantitative Analysis 
of Organic Materials in Commercial and Fharina- 
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ceutical Assays, in the estimation of Impurities 
under Autliorized Standards, and in Forensic Exam- 
inations for Poisons, with Directions for Elementary- 
Organic Analysis. Fourth edition. 8to, cloth 6 00 

PRESCOTT (Prof. A. B.). Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion. l*^mo, cloth , 1 76 

First Book in Qualitative Chemistry. Eighth 

edition. 12mo, cloth 160 

and Otis Coe Johnson. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chem- 
istrv and in the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistiy 
extended throughout 8 60 

PBITCHARD (O. O.)* The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PUttEN (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PUI.SIFEB (W. H.). Notes for a History of Lead. 

8vo, cloth, gilt tops 4 00 

PYNCHON (Prof. T. R.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. Svo, cloth 8 00 

RADFORD (I.ieut. CYRUS S.). Handbook on 
Naval Gunnery. Prepared by Authority of the Navy- 
Department. For the use of U. S. Navy, U. S. 
Marine Corps and U. S. Naval Reserres. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. 8. N Third edition. 12mo, flexible leather. 2 00 

RAFTER (GEO. W.). and M. N. BAKER. Sew- . 
age Disposal in the United States. Illustrations and "* 
^* folding plates. Second edition. Svo, cloth 6 00 

BAM (GILBERT S.). The Incandescent Lamp and 
its Manufacture. 8vo, cloth 8 00 



SCIENTIFIC PUBLICATIONS. , 29 

BANDAIX (J. SO* A Practical Treatise on the 
Incandescent Lamp. Illustraled. 16mo, cloth 60 

BANDAL.Ii (P. M.). Quartz Operator's Haod-book. 
New edition, revised and enlarged, fully illustrated. 
12mo. cloth 2 00 

BANKINE (W. J. MACQUORN.) Applied Mechan- 
ics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures. Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth 6 00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railways, Caual^, Rivers, 
Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. MiUar. 8vo, cloth 6 60 

Machinery and Millwork. Comprising the Qeom* 

etry. Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
300 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 6 00 

The Steam Engine and other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W. J. Millar. 8vo, cloth 5 00 



■Useful Rules and Tables for Engineers and 



Others. With appendix, tables, tests, and f ormulsB 
for the use of Electrical Engineers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jamiei^on, 
C. E., F. R S. E. Seventh edition Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

A Mechanical Text-Book. By Prof. Macquom 

Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth 3 60 

RAPH.4FL (F. C). Localisation of Faults in Electric 
Light Mains, Svo, cloth ... 2 00 

BECKENZAUN (A.). Electric Traction on Railways 
and Tramwuys. 213 illustrations. 12mo. cloth 4 00 
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BBED'S ENOINBEBS' HAND-BOOK to the 

Local Marine Board Examinations for Oertiflcates 
of Competency as First and Second Ciass Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 297 diagrams and 86 
large plates. Sixteenth edition, revised and 
enlarged, ttvo, oloth 5 00 

Key to the Sixteenth Edition of Reed's 

Engineer's Hand-book to the Board of Trade Exami- 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers By W. H Thorn. Svo, 
cloth 800 

— — Useful Hints to Sea-going Engineers, and How to 
Repair and Avoid *' Break Downs; '* also Ai>pendioes 
Containing Boiler Explosions, Useful Formulas, 
etc. With 86 diagrams and 4 plates. Second edition, 
revised and enlarged. 13mo, cloth 140 

Marine Boilers: A Treatise on the Causes and 

Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 18mo, cloth... 8 00 

BBINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-hand Lettering for Working Drawings. 
Fourth thousand. Oblong, boards 1 00 

BICE (J. M.).> and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. 12mo, paper — SO 

BINGWAXT (J. li.}. Development of Transportar 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 7 60 

BIPPEB (WILLIAM). A Course of Instruction in 
Machine Drawing and Desism for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

BOEBLINO (J. A.). Long and Short Span Railway 
Bridges. Illustrated with large copperplate ^ 
engravings of plans and vi«ws. finperial volio, 
cloth 2600 
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BOOKBS (Prof. H. !>.)• The] Geology of Pennsyl- 
yania. A Qovernment Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and its FossUs, and a description of 
the Ck>al Fields of North America and Great 
Britain. Illustrated with plates and engrayings in 
the text. 3 vols., 4to, cloth, with portfolio of maps. 15 00 

BOSS (JOSHtJA, M. E.)* The Pattern Makers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a 'arge collection of useful and valu- 
able Tables. Eignteenth edition. Illustrated with 
250 engravings. 8vo, cloth 8 50 

— — Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Engines 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Take Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Eogineers and Firemen. 
12mo,cloth 2 50 

SABINE (BOBBBT). History and Progress of the 
Electric Telegraph. With descriptions of seme of 
the apparatus Second edition, with additions. 
12mo, cloth 1 25 

SAELTZEB (ALEX.). Treatise on Acoustics in con- 
nection with Ventilation. 12mo, cloth 1 00 

SALOMONS (Sir BAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula 

tors. i2mo, cloth... ..,, 150 

Vol. n.. Apparatus, 296 Illustrations. 12mo, cloth 2 25 
Vol. III., Applications. Umo, cloth 1 50 

SANFOBD (P. OEBALD). Nitro-Explosives. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. Svo, cloth, 270 pages 8 00 

SAUNNIS;b (CLAUDIUR). watchmaker's Hand- 
book. A Workshop Companion for those engaged 
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in Watchmaking and allied Mechanical Arts. Trans- 
lated by J. Tripplin and £ B.igg. Second edition, 
revised with appendix. 12mo« cloth 8 50 

SCHELLEN (Dr. H.)* Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Translated from the third German 
edition, by N. S. Keith and Percy Neymann, Ph. D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. I., with 858 
illustrations. Second edition . 6 00 

SCHUMANN (F.). A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and FormulsD for dimensions of heating, flow 
and return pipes for steam and hot water boilers, 
flues, etc. 12mo, illustrated, full roan 1 50 

SCBIBN£B (J. M.)* Engineers^ and Mechanics* 
Companion. Comprising United States Weights and 
Measures. Mensuration of Superfices and Solids, 
Tables of Squares and Cubes, Square and Cube Boots. 
Circumference and Areas of Circles, the Mechanical 
Powers. Centres of Gravity, Gravitation of Bodies, 
Pendulums, Specific Gravity of Bodies, Strength, 
Weight, and CJrush of Materials, Water-Wheels, 
Hydi ostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc.. Steam and the 
Steam Engine. Twentieth edition revised. 16mo, 
fullmorocco 1 50 

8EATOX (A. £.). A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Macnineiy. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth «00 

aud ROUNTHWAITE ( H. M.}. A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. LeaUier, with 
diagrams. Reprinting. 
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SBXTON (A. HVMBOI^DT). Fuel and Refractory 
Materials. 8to, cloth 2 00 

SHIELDS (J. E.)* Notes on Engineering Construc- 
tion Embracing Discussions of the Principles 
inTolved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Building, 
etc. 12mo,cloth 150 

SHOCK (WM. H.). Steam Boilers: Their Eesign, 
Construction and Management. 4to, half morocco. 15 OG 

SHBEVE (S. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring. Lenticu- 
lar, and other Trusses, from fixed and moving loads, 
with practical applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8vo, cloth 8 60 

SHUNK (W. v.). The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
wor,k of Railroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standard and Narrow Qauge, and pre- 
pared with sx)ecial reference to the wants of the 
young Euginenr. Eleventh edition, revised and 
enlarged. 12ino, morocco, tucks 3 50 

SIMMS (F. "W.). A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws^ Practi al Examples 
for setting cut Railway Curves. Illustrated. 8vo, 
doth 2 50 

SmMS (W. F.). Practical TunnelUng. Fourth edition, 
reviFed and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other illustrations. Im- 
perial 8vo, cloth 12 DC 

SItATER (J. W.)- Sewage Treatment, Purification, 
and Utilization. A Practical Manual for tbe U^e of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Rate- 
payers, 12mo, cloth 8 25 
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SMITH (ISAAC W., C. £.). The Theory of D«*flec- 
tioDB and of Latitudes and Departures. With special 
applications to Cnrrilinear Surveys, for Augments 
or Railway Tracks. Illustrated. 16mo, morocco, 
tucks 800 

SNBLIi (AliBION T.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 00 

SP£Y£RS (CLARENCB T,,), Text-Book of Physi- 
cal Chemistry. 8vo, cloth 9 96 

STAHL (A. W.), and A. T. WOODS. Elementary 
Mechanism. A TeztBook for Studen ts of Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 
cloth 2 00 

STALET (CADY), and PIEBSON, GEO. S. The 
Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates and illustrations 8 00 

STETENSON (DAYID, F.R.S.N.Y. The Princij^ 
and Practice of Canal and River Engineering. Re- 
vised by his SODS David Alan Stevenson, B. Sc, F. R. 
S.E., and Charles Alexander Stevenson, B. Sc., F.R. 
8.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 10 00 

The Design and Construction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
wlth24 plates, 8vo, cloth 9 00 

STEWART (B. W.). A Text Book of Light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth. . 1 00 

STEWART (R. W.). A Text Book of Heat, Illus- 
trated, Svo, cloth 1 00 

A Text Book of Magnetism and Electricity, 100 

Illus. and Numerous Examples. 12mo, cloth 1 00 

STII.es (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 00 

STII^LBIAN (PAUIi). Steam Engine Indicator and 
the Improved Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 100 

STONS (General BOT). New Roads and Road Laws 
in the United States. 200 pages, with numerous 
illustrations. 12mo. cloth 100 

STUART (C. B.. U. S. N.). Lives and Works of Civil 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to, cloth 6 00 

SWINTON (ALAN A. CAMPBBLL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo, cloth 80 

TEMPLETON (WM.). The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulas in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco 2 00 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent Hethods in 
Quadruplex Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 50 

THOMPSON (EDWARD P., M. E.). How to 
Make Inventions; or Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 8vo, boards . 1 00 

Roentgen Rays and Phenomena of the Anode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Plgnolet, N. D. C. Hodges, and Ludwig Outmann, E. 
E. With a Chapter on Qeneralizations, Arguments, 
Theories, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 60 Diagrams, 
40 Halftones 150 
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TODD (JOHN>, and W. B. WHAIX. Practical 
Seamanship for Use in the Merchant Service: Includ- 
ing all ordinary subjects; also Steam Seamanship, 
Wreck Lifting, Avoiding Collision, Wire Spilcing, Dis- 
placement, and everything necessary to be known 
hy seamen of the present day. Second edition, with 
247 illustrations and diagrams. 8vo, cloth 8 40 

TOOTHED GIS ABINO. A Practical Hand-book for 
Offices and Workshops. Bv a Foreman Pattern- 
maker. 184 Illustrations . 12mo. cloth 2 86 

TBATMAN (£. £. BUSSBI.!.). Railwav Track and 
Track Work. With over two hundred illuatratioDS. 
8vo, cloth 3 00 

TBETEBT (EDWABD). How to Build Dynamo 
Electric Machinery, embracing Theory Designing 
and Construction of Dynamos and Motors, with 
appendices on Field Magnet and Armature Winding, 
luuiagement of Dynamos and Motors, and Useful 
Tables of Wire G.uges. Illustrated. 8vo, doth 2 50 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKEB (Dr. J. £[.)• A Manual of Sugar Analysis, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar. Dextrose, 
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Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 



SCIENTIFIC PUBLICATIONS. 



UBQUHABT, (J. W.). Dvnamo Construc-tion : a 
Pnctical Hand book for the Use of Eugineer Con- 
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Frame Woric Building, Fi**ld Magnet and Armature 
Winding and Grouping. Compounding, etc., with 
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Differential Calculus. 12mo, cloth 1 50 
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Construction of Small Steam Engines and Boilers of 
Modem Types from five Horse-power down to model 
sizes. 13mo. cloth. lUustratea with Numerous Dia- 
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WESTON (EDMUND B.). Tables Showing Loss of 
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12mo, cloth ...176 

Field Fortifications. The Elements of Field Forti- 
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